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One of the two identical C-E Vertical-Unit Boilers, Type 
VU-55, installed at the El Paso Refinery of Standard Oil 
Co. of Texas. These ‘‘outdoor”’ type units are designed for 
a continuous capacity of 80,000 Ib of steam per hr at 
400 psi and 550 F. They are designed for pressurized 
firing and are fitted with tangential burners for the most 


efficient utilization of oil and gas. 


Handle Load Swings Smoothly 


.. chosen for (Le pe ndability 


In 1955, the Standard Oil Company of Texas made 
a substantial addition to steam generating facilities 
at its El Paso Refinery. It placed in service two C-E 
Vertical-Unit Boilers, Type VU-5S5. 

These units have proved to be the keystone of 
the refinery’s steam supply as they were soon recog- 
nized for their exceptional ability to handle load 
swings and to meet overload demands smoothly and 
efficiently. 

There are several other boilers at the El Paso 


Refinery, including two other C-E units of smaller 
size, but the VU-55’s have established the best rec- 
ord for reliability and ease of operation. As a matter 
of fact, the VU-55 Boiler, especially designed for 
use with oil or gas fuel, is making a consistently good 
record in numerous installations both in this coun- 
try and abroad. So — when you are in the market for 
a new boiler — oil or gas fired — in a capacity range 
from 70,000 to 150,000 Ib of steam per hr — inves- 
tigate Combustion’s VU-55. 
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“Cupralum;’ lead-surfaced Anaconda copper tube, offers 
practical answers to some tough corrosion problems 


If you'd be interested in more compact 
more economical heat transfer units for 
handling corrosive liquors — sulfuric, 
chromic, phosphoric acids, sulfites, sul 
fates, alum, and the like — you should 
know about Cupralum*. Cupralum, a 
product of Knapp Mills, Inc., is Ana- 
conda copper or copper-alloy tube to 
which a uniform, dense-structured, ex 
truded chemical lead surfacing has 
been metallurgically bonded 


Alfred P. Knapp, chairman, Knapp Mills, Inc. 
explains to visitors how his company's patented 
drawing process metaliurgically nds ead 


surfacing to copper tube 


THE OuTsIDE lead surface, which may be 
from 44” to 4%” thick, resists concen- 
trations of acids—of sulfuric acid, for 
example, up to about 85% and up to 
428F. Be ing bonded to the copper, it 
expands and contracts with the copper 
during temperature cycling. Without 
the metallurgical bond, the lead would 


Two U-bend Cupralum tube bundles like this 
are used in a Ferrolum (lead-surfaced stee!) 
separator tower to boi! off ammonia from a urea 
carbonate ammonia solution—in the production 
of urea fertilizer. Anaconda copper tube core 1 

O.D., 12 gauge, handles 150-ib. steam. Lead sur 

face is “% inch thick. Separator tower operates 
at 145 C (293 F) and 240 psi 


2 


creep and eventually fail—an inherent 
weakness of all-lead tubing 


THE COPPER OF Copper alloy tube inside 
provides strength to make Cupraluro 
self-supporting —and to stand stearn 


pressures up to 150 psi in standard 


wall thicknesses offered. It also pro- 
vides its high corrosion resistance in- 
ternally to cooling waters, steam, and 
refrigerants 

Most important 
high heat transfer rate. Because of the 
mr *tallurgical bond with the lead, the 
over-all heat transfer rate of Cupralurn 
is high—higher than all-lead tube and 
highe r than that of iron and steel 


copper offers its 


THE NET RESULT is that a given heat trans- 
fer job can be done with fewer square 
feet of surface —for a more compact 
unit. Or it is possible to get increased 
capacity In present existing space 


Lead surfacing removed from ends of Cup 

raium tubes preparatory to insertion in lead 
lad stee! tube sheet. Tube ends are 

rolled, but for severe thermal « ycling service 


may be brazed to outer stee! face of tube sheet 


In many cases, the first cost of the 
coil is lower. Usually this is true where 
higher steam pressures than those pre- 
viously used are available or where ex- 
pensive, hard-to-fabricate alloys have 
been used Improvement of the heat- 
ing or cooling cycle is another source 
of savings. Under any circumstances, a 
long operating life and easy mainte- 
nance prov ide over-all economy 


NUCLEONIC APPLICATIONS. Cupralum with 
a thicker surfacing of lead is being used 
increasingly in the nuclear industry. 
For gamma shields that must be cooled, 
Cupralum coils are built in to provide 
efficient heat transfer from the shield 
to the cooling medium 

Where radioactive liquors and spent 
resin discharge from demineralizers 


Cutaway section of Cupralum tube. It is pro- 
duced in 20 lengths or in long continuous coils 
—from 40 to 100° depending on 
easy to bend and fabricate. Reliabie jointing 


jiameter. it is 


techniques have been developed 


must be conveyed through process pip- 
ing into process vessels for concentrat- 
ing the radioactive solution, Cupralum 
piping prevents the escape of gamma 
radiation. In nuclear applications, the 


to 8” thick 


lead surfacing may be | 


Lead surfaces of Cupralum tubes and of tube 
sheet are fused by lead-to-lead welding Then 
an extra thickness of lead is applied at the joint 


for extra protectior 


FOR MORE INFORMATION. For detailed 
data on Cupralum, write Knapp Mills, 
Inc., Wilmington, Del. Or see your 
Anaconda representative, who can also 
provide data on the full line of Ana- 
conda copper and copper-alloy tubes— 
arrange for technical assistance in 
meeting special corrosion and heat 
transter problems. Anaconda American 
Brass Company, Waterbury 20, Conn 
In Canada: Anaconda American Brass 
Ltd., New Toronto, Ont. oor 


*Registered trademark of Knapp Mills, Ine 


ANACONDA’ 


TUBES AND PLATES 
FOR CONDENSERS AND 
HEAT EXCHANGERS 


Anaconda American Brass Company 
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IN WISCONSIN... 





OAK CREEK PLANT INSTALLS ITS 14th LJUNGSTROM 


Three new Ljungstrom Air Preheat- 
ers are being added to the eleven 
already in service at Wisconsin Elec- 
tric Power Company’s Cak Creek 
plant. These three 290-ton units will 


serve the 1,780,000 lb/hr boiler on 
Oak Creek’s #6 unit. The three Ljung- 


stroms, with a total heating surface 


of 795,300 sq ft, will reduce stack gas 
temperature from 550°F to about 
270°F and preheat incoming combus- 
tion air from 190°F to about 510°F. 

Our engineers will be glad to recom- 
mend how Air Preheater equipment 
can improve your operating results on 
new or existing fuel fired units. 


THE AIR PREHEATER 
CORPORATION 


60 East 42nd Street, New York 17,N.Y. 











accuracy 


ASHCROFT DURAGAUGES measure pressure with precise accuracy 


no matter how severe the conditions of service 


The Bourdon tube in Ashcroft Duragauges is 
manufactured to precision standards of flexi- 
bility and mono-linked to the rotary move- 
ment. When pressure flexes the tube, the 
gauge pointer is always positively positioned, 
because it is mounted on the geared center 
shaft of the movement. Sustained high accu- 


racy and long life are assured 


Choose your Ashcroft Duragauges made of 
components best suited to your needs. Eight 


Bourdon tube materials are available. Move- 


Ashcroft Duragauges are avail- 
able in pressure ranges from 
is psi (or vacuum) minimum to 

” 


100,000 psi. Dial sizes: 44% 


through 12”. 


Sustaine 


ment of stainless steel with nylon bearings 


and pinion gear for longest wear. Case mate- 
rials: special aluminum alloy or tough phenol 


plastic. 


The unique “Maxisafe “” Duragauge provides 
absolute protection to the viewer, plus easy 
and quick access to the mechanism. Your in- 
dustrial supply distributor will help you select 
the best combination of components for your 
Ashcroft Gauge requirements. Phone him 
today or write for Catalog 300B. 


ASHCROFT PRESSURE GAUGES 


A product of 


vA 


TRACE MARE ‘ 


yw! JBOOW 9 


in Canada 


MANNING, MAXWELL & MOORE, INC. 


jauee and Instrument Division « Stratford, Connecticut 
Manning, Maxwell & Moore of Canada, Ltd., Gait, Ontario 
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A Nalco DEPARTMENT MANAGER 





Answers the Questions Most Often Asked 
About Nalco Water Treatment Consulting Service 


Experts Extend Your Staff Potential 

for Fast, Economical Handling of 
System Design, Chemical and Equipment 
Selection, and Plant Operations. 


Question: If a company’s staff includes qualified de 
sign and operating personnel, why is Nalco Consult 
ing Service needed? 

Answer: Design, modification, improvement, and 
achievement of maximum economy in operation of 
water treatment facilities are highly specialized chemi 
cal engineering fields. Constant research and long ex 
perience in these fields enable Nalco engineers to 
supplement—not replace—the efforts of a company’s 
staff by providing up-to-date information in their spe 
cial fields 

Question: How does Nalco Consulting Service differ 
from the services of design consulting engineers? 


Answer: Again, remember the specialized nature of 
water treatment engineering. Rarely can a company 
or consulting firm afford to maintain a staff of engi 
neers who devote their entire energies to water treat 
ment. Nalco, however, does have such a group of water 
treatment specialists that can act as an extension to 
the staff of the design engineer. These men have not 
only knowledge and experience in the intricacies of 
each of the specialized areas of water treatment, but 
the constant association with the rapidly changing 
technology of the field required to keep their informa 
tion accurate and up-to-date 


Question: What return on investment does the cost of 
a Nalco consulting program provide? 


Answer: Nalco Consulting Service reduces plant con 
struction costs and saves your engineers’ time. For 
example. assume that you need a new or completely 
modernized ion exchange water treatment plant. Nalco 
Consulting Service will help your engineers and/or 
design consultants establish the basic type and size of 
plant needed. be/ore requests for bids are issued. Po 
tential suppliers can then return bids faster and more 
economically. Also. your engineers can evaluate bids 
in a fraction of the time required for evaluation of bids 
on a variety of plant types. This reduces the overall 
cost of the system and releases the men involved for 
other projects 


Question: How is Nalco Consulting Service useful to 
an existing plant for which no immediate expansion is 
planned? 


Answer: Few plants require or can afford a full-time 
water conditioning engineer yet all plants find at 
times that they need the services of such an engineer 
Nalco meets this need by supplying plant operators 
with the assistance they need. when they need it, to an 
extent determined by mutual agreement. Consulting 
service prevents many problems before they occur by 
anticipating the need for changes in chemical treat 
ment control and applicatior ving you maximum 
benefit from every dollar spent on water treatment 
chemicals 


Question: Isn't consulting service usually supplied 
free of charge, with the purchase of water treatment 
chemicals? 


Answer: Product application assistance is offered for 
specific chemicals. Consulting provides an overall pro 
gram. The complexity of many of today’s systems re 

quires attention to all phases of operations. While 
product application assistance is an important Nalco 
service to industry, often it should be supplemented 
with a consulting arrangement which provides the in 
tensive and effective integration of all water treatment 
into a successful prograr 
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Selden K. Adkins, Manager, Nalco Consulting Service Department 


Question: What do you mean when you say “the highly 
specialized nature” of chemical engineering as applied 
to water conditioning? 

Answer: No one engineer can know every single detail 
that is important in each phase of an overall water 
treatment program Gonaniation. filtration, stabiliza 

tion, softening, sludge conditioning, ion exchange, slime 
and microbiological control—all these and many more 
must be considered. Nalco’s coagulation, stabilization 
power industry chemicals, process antifoams, cooling 
water, and microbiology departments maintain an effec 

tive working knowledge of each of these special areas 
of water treatment. Each department manager is an 
expert in his given field, and is assisted by an average 
of 25 staff and laboratory personnel. Nalco’s Consult 

ing Department draws on the specialized knowledge of 
each of these groups to provide the engineering knowl 

edge needed in each plant. By coordinating the efforts 
of all these specialists and utilizing the knowledge and 
experience of our national field force. Nalco can pro 
vide precise information to get successful results Phat 
so many departments are vital in our operations in 
dicates the degree of specialization necessary 


Question: How can a company that sells chemicals be 
a “true” or impartial consultant? 


Answer: Regardless of affiliation, consultants are re 
sponsible for producing effective results. Nalco con 
sultants have nothing to gain—and everything to lose 
by recommending any chemical or method not in the 
best interest of the client. Water treatment products 
offered by Nalco (or any reputable company of this 
type) are usually special blends, each designed to do 
a specific job under a specific set of conditions. These 
specialized products would not exist if there was an 
exact equivalent “open market” chemical availabl 
The Nalco Consulting Department recommends the 
most suitable chemical for a given situation—regard 
less of whether or not it is a Nalco product. The single 
objective of Nalco Consulting Service is to provide the 
client with maximum treatment efficiency, regardless 
of which chemical or equipment is used. Chemica!s 
are no more than tools to the consulting engineer 
what he provides are programs, methods, and results 


Suggestion: Write or ask your Nalco Field Representa 
tive for information on how Nalco Consulting Service 
can be of help in your water treatment program 


NALCO CHEMICAL COMPANY 


6234 West 66th Place . 
England, Italy, Mexico, Spair 
Venezue snd West German 
In Canad Aichem Limited, Burlingtan, Ontar 


Chicago 38, IMinois 


®@ . .. Serving Industry through 
Practical Applied Science 








Ammunition 
for the 


waron dust! 


Fighting dust is the purpose of this load of Cyclo-trell C10 
“shells.” @ Cyclo-trell units for process gas or air cleaning in 
steel mills, refineries, paper, cement or chemical plants 

give you high efhciencies. 8 Engineered to fit each specific 
job, Cyclo-trell units are available in a wide range of sizes and 
types including C10, C24, IC (Involute Cyclo-trell) and 

ICL | Involute Cyclo-trell, Lined). @ Why not let us consult 
with you on your specific dust collection problems? For 


TYPE further information, write for Bulletin 300 which describes 
c10 
CYCLO-TRELI 


Research-Cottrell 43 


RESEARCH-COTTRELL, INC., Main Office and Plant: Bound Brook, N. J. i, el 
Representatives in principal cities of U.S. and Canada nc-208 


several applications in detail. 
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from Yarnall-Waring Company, Philadelphia 18, Pa. 


BRANCH OFFICES IN 19 UNITED STATES CITIES « SALES REPRESENTATIVES THROUGHOUT THE WORLD 


WHY YARWAY WELBONDS 
ARE SPECIFIED FOR 
HIGH PRESSURE 
VALVE JOBS 


4] 


Yarway Welbond Valves (sizes 4 
through 244”) have won resound- 
ing acceptance from boiler room 
operators everywhere because of 
these 6 unique features—resulting 
in outstanding performance that is 


dependable and trouble-free 


® Full accessibility—all working parts readily removed 
through top of yoke. Jack action of stem forces out 
old packing 


Guided valve stem of #321] stainless steel—will not 
“pit.” Self-aligning, stellite-faced dis« 


High temperature inhibited stem packing furnishes 
double insurance against packing leaks 


l nique seat design with thermal compensating groove 


that prevents distortion during assembly welding and 
when welding valve into line. Also permits perfect seat 
ing of dise for tight seal. Integral seat is stellite-faced 


One-piece forged chrome-moly steel body and yoke 


Easy-grip, ventilated handwheel—makes operating a 


breeze 


More details—and list of users? Write Yarway. Ask for 


Bulletin B-454. 


Four of many Yarway Welbonds installed in Four Yarway Welbonds on main steam line to Six of 900 Yarway Welbonds at southwest 
large eastern public utility plant. Steam pres- turbine at southern power plant. Press. 2310 utility. Boiler drum pressure in this plant— 
sure 1850 psi; temperature 1000°F . psi; temp. 1000°F. Over 100 Welbonds here. 2150 psi; superheat temperature 1005°F. 
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Truly a “bird in the hand”... 





More and more, institutional and industrial coal 
users are finding Superwashed Oriole ideal for eco 
nomical, trouble-free operation. This deep mined coal 
is low in moisture, which means higher thermal values 


and better burning characteristics. It has firm struc- W 
ture, it’s low in ash... and is one of the highest in SUPER ASHED. 





BTU’s of any Midwestern coal. 


So, don’t take a chance on a “bird in the bush,” WEST KENTUCKY 


order Oriole from your nearest Bell & Zoller office. 


Prompt delivery via river, lake or rail. #11 SEAM COAL 





BELL & ZOLLER Coal Company 


208 South LaSalle Street, Chicago 4, Ill. 


St.Louis + Minneapolis - Omaha «+ Louisville + Terre Haute,ind. + Fond duLac, Wis. 
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Proved 10,000 times the world over 


PRESSURE SEAL 


New, steel pressure 
globe valve for 600 pound 


Powell... world’s largest family of valves 


More than 10,000 Px Pressure Seal Valves are 


now in use all over the ndisputable evidence they 


are meeting the challenge lern industry to control 


constantly higher press t elevated temperatures 


These quality, precisior precision tested, leak-proof 


THE WM. POWELL COMPANY + DEPENDAGLE 


1960 


valves. with exclusive features 


of design and construction, 
are available in gate, globe, angle, check patterns for 600 
to 2500 W.P. and special working pressures 
stock for 
distributor 


Many are in 


quick delivery. Contact your nearby Powell 


or write directly to us. 


VALVES SINCE 18646 © CINCINNATI 22, OHIO 








PENNSYLVANIA BRADFORD BREAKERS 
prepare over 160 million tons 


of coal each year 


Because no other coal processing 
machine does so much for so 
little—Pennsylvania Bradford 
Breakers have become a standard 
of the industry. 

At power plants, by-product 
coke plants, coal mines and coal 
cleaning plants Pennsylvania 
Bradfords clean, size and scavenge 
at phenomenal low cost. 

Data from 10 installations over 
8 years shows an average main- 
tenance cost of $.001 per ton, and 
an average power consumption of 


.204 KW per ton. 
TRIPLE ACTION 


Continuously charged, the Penn- 
sylvania Bradford immediately 


screens out passing sizes of coal 
through the screen plates. Larger 
lumps are raised and dropped, 
breaking by gravity impact until 
they are screened. All refuse— 
sulphur balls, slate, rock, tramp 
iron, etc.—resist breakage and 
travel the full length of the breaker 
where they are discharged. 


For reduction of particularly hard 
coals and for heavier loading, 
Bradford-Hammermills are fre- 
quently specified. This machine 
combines a concentrically-mounted 
rotor of a hard-hitting Pennsyl- 
vania Hammermill at the rear end 
of the slow speed Bradford Breaker. 
Capacities are increased over 20%. 


Pennsylvania Bradford crushes. 
sizes, scavenges all in one 
operation —at lowest cost 


FREE BULLETIN 


For the full story on Pennsylvania 
Bradford Breakers and Bradford- 
Hammermills write for Bul- 
letin 3007. 


RING-TYPE 
GRANULATORS 


For preparing coals for stoker and 
pulverizer fuel, and other uses 
where overgrinding is undesirable, 
Pennsylvania Ring-type Granu- 
lators have no peer. Exclusive 
design; exclusive advantages. 
Completely described in Bulletin 
9002. Send for it. 


PENNSYLVANIA CRUSHER DIVISION 
Batu Inon Worxs Corporation 
WEST CHESTER, PENNA. 

* * * 


and service. Call on Pennsylvenia 
with your next crushing problem. 
Representatives from coast-to-coast. 


BATH-BUILT 
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boilers, 
heat exchangers, 
condensers 


easily, more safely with 
non-fuming Dry Acid Cleaners 
based on Du Pont Sulfamic Acid 


EASIER TO USE 

Just scoop the dry acid cleaner from lightweight, disposa- 

ble drum into make-up tank. Often can be added directly 

to steam-generating, condensing and similar equipment 
. no elaborate apparatus or specially trained person- 

nel required. 


SAFER TO HANDLE 


These cleaners are dry, non-fuming powders. No danger 
of broken carboys, spattered liquids, corrosive fumes 
with sulfamic-based cleaners. 


for more 
information, 


mail coupon for free booklet 
and names of formulators 
who offer these compounds 


Name 


ECONOMICAL 

1 lb. of dry acid cleaner does the job of 1.5 lbs. of hydro- 
chloric acid. You'll save on shipping, handling and stor- 
age costs. 


LESS CORROSIVE 

Sulfamic acid is less corrosive than hydrochloric acid; 
on brass, 60% less; on steel—70°%; copper —85%; alumi- 
num—80%. This low corrosion rate permits use with 
the equipment’s own pump. And, with the proper inhibi- 
tor, it can be used safely on galvanized steel. 


E. 1. DU PONT DE NEMOURS & CO. (INC.) 
INDUSTRIAL & BIOCHEMICALS DEPARTMENT, N-2539-C 
WILMINGTON 98, DELAWARE 


Please send me quick facts bulletin on Dry Acid Cleaners, 
names of formulators offering cleaners based on Sulfamic acid. 





Company 


Address 








®£6. uy. 5. Pat OF 


BETTER THINGS FOR BETTER LIVING 


City 


THROUGH CHEMISTRY 
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A modern boiler room in paste 
ea T nical appearance 


handling of al anda 


tion « 
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COAL IS CLEAN because of advanced 


techniques in processing and combustion 


The clean handling, clean burning characteristics of coal brought about by techno- 
logical advances in preparation and combustion equipment, have made it an even 
stronger logical choice for low-cost, efficient fuel. 

To provide a cleaner, more uniform product, the progressive coal mining industry 
has developed and installed radically new techniques in mining and preparation. 
More are on the way, too, as new mines become truly push-button mechanized. 

Phenomenal, too, are the strides made in handling and combustion equipment. 
Sealed conveyor systems, dustless operation, fly ash reinjection, hydraulic ash carriers, 
electrostatic precipitators, and other innovations give coal a clean bill of health. 

Through low-cost and high efficiency, coal provides more energy for your fuel 
dollar. Chesapeake and Ohio transports it economically from the world’s finest bitu- 


minous coal reserves. Coal is the one fuel that will be available for centuries. 


Chesapeake and Ohio Railway 
TERMINAL TOWER, CLEVELAND 1, OHIO 


CO Mincabsitig ey ieee 














Coal is a good neighbor because of develor C&O Fuel Service Engineers provide free The 5,100-mile Chessie Route directly 
ments in modern equipment that offer stoker-t consultation to C&0 patrons on combustion, serves over 300 mines in America’s richest 
stack cleanliness. Textile plants, laundries, hos application, equipment, or plant arrangement bituminous coal reservoir with the finest fleet 
pitals now avail themselves of this reliable, efficient problems. Write to R.C. Riedinger, General Coal of 68,000 coal cars. Specify C40 routing for 
and convenient fuel. Traffic Manager, above address dependable, efficient delivery. 


CHESSIE SERVES THE COAL BIN OF THE WORLD 
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FOR FLEXIBLE OPERATION WITH NO SACRIFICE IN EFFICIENCY 


Where you plan to operate at varying pressures and 
volumes—-yet still desire high-level efficiency—‘Buffalo’ 
Type BLH Fans are the logical choice. Their perform- 
ance curve covers a broad range at well over 80% 
efficiency. This means significant power savings under 
wide-open or dampered operation plus stable perform- 


ance from free delivery to shutoff 


Such performance would not be possible without exclu- 
sive ‘Buffalo’ engineering features. The ‘Buffalo’ Wheel, 
shown at left, has deep, backward curved blades for 
smooth, quiet handling of air. Its inlet flange is dished to 


form a perfect semi-circular entry path with the matching 


bell-shaped housing inlet. There are no flat spots to cause 
turbulence. Fixed or variable ‘Buffalo’ inlet vanes may 


be used without reducing efficiency. 


The ‘Buffalo’ housing is streamlined and suited to this 
particular wheel for smoothest air passage. Its exclusive 
‘Buffalo’ divergent outlet delivers air into the duct with 
easy, gradual enlargement for best distribution and static 


conversion. 


For flexible operation at money-saving efficiency, it will 
pay you to write for Bulletin FD-905 and investigate 
‘Buffalo’ BLH Fans. 


YOUR DRAFT REQUIREMENTS ? 


FOR EFFICIENCY AT EXTREME PRESSURES 


Everything about this fan was designed for lowest-cost 


draft under the highest pressures. 


The wheel, left, is the exclusive ‘Buffalo’ deep-blade air- 
foil design, known for its extreme efficiency. As with the 
BLH, described above, the inlet wheel flange matches 
the semi-circular housing inlet bell and its streamlined 
housing scroll has the exclusive ‘Buffalo’ divergent outlet 
— all providing the smoothest air flow possible with the 


highest static efficiency 


The fan housing and inlet box are of all welded construc- 


tion, split for easy removal of shaft and rotor where speci- 
fied. Highly stressed areas are fabricated of hammered 
forgings where required. Sleeve type bearings are sup- 
plied with circulating oil systems, water cooling or air 
cooling as required. These fans, by design and manufac- 
ture, are adequate in every respect for your highest 


pressure draft performance at the lowest overall cost. 


Whatever your mechanical draft requirement, there is an 
up-to-the-minute ‘Buffalo’ Fan tailor-made for the job. 
Call in your ‘Buffalo’ Engineering Representative for 


recommendations and complete details. 


AIR HANDLING DIVISION 


BUFFALO FORGE COMPANY 


Buffalo, New York 


Canadian Blower & Forge Co., Ltd., Kitchener, Ont 


‘Buffalo’ Air Handling 
Equipment 

to move, heat, coo!, dehumidity 
ond clean air and other goses. 


punch, sheor, bend, slit, notch 
ond cope for production 
or plont maintenance. 
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Buffalo’ Machine Tools to drill, 


‘Bufolo’ Centrifugal Pumps 
to handle most liquids ond 
slurries under a voriety 

of conditions. 


Squier Machinery 

to process sugor cane, coflee 
and rice. Special processing 
machinery for chemicals. 








Eddystone Station's Unit 1 has o capacity of 2,000,000 Ib/hr at 5000 psig 
and 1200°/1050°/1050°/F ... uses C-E Sulzer Monotube Steam Generator. 


Vulcan Selective-Sequence system provides 
Eddystone Station with precision soot blowing 


When Unit 1 of Philadelphia Electric’s Eddystone 
Station goes into operation, a Vulcan Selective-Sequence 
system will accurately control all soot blowing. 

Selective-Sequence systems were chosen for both units 
1 and 2 at this super-critical station because they assure 
positive, dependable boiler cleaning . make the most 
efficient use of the blowing medium 


Vulcan Controller saves time. Without leaving the 
panel, the operator pushes a master button to place the 
system in sequential operation. He can see that each 
soot blower is operating in sequence for the proper inter- 


val with adequate pressure. He can modify the sequence 
to improve cleaning or conserve the blowing medium 
without time-consuming wiring and piping changes. 


Vulcan long retractables speed cleaning. With dual- 
motor drive, Eddystone’s T-30’s minimize the danger 
of tube cutting or erosion. Low rotating speed increases 
range and penetration, decreases wear, eliminates whip, 
and permits cleaning with faster traversing speeds. 

Half-’tracts with 19-foot travel, wall deslaggers, and 
air pre-heater controls are also used. For details, write 
Copes-Vulcan Division, Erie 4, Pa. 


Copes-Vulcan Division 


BLAU =-KNOX 
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Panel provides centralized control of soot blowing 
at Eddystone. With the Vulcan SSC-120 Selective- 
Sequence controller, each blower can be operated four 
times during a schedule, or there can be four different 
schedules. The sequence can be varied by means of a 
jack board. Any soot blower can be operated at any 
point in the sequence by plugging one end of a patch 
cord into the blower jack, and the other end into the 
desired sequence jack. Write for Bulletin 1029. 


Wall deslagger conserves steam generated at Eddy- 
stone by three special package boilers. High striking 
power of Vulcan RW-3E drives off gummy masses to 
assure high heat-transfer capacity, and uniform super- 
heat and reheat temperature control. Dual motors are 
used: one speeds the nozzle to and from the blowing 
position, the other rotates it slowly for thorough clean- 
ing. All parts are covered for protection, assuring long 
life with low maintenance. Write for Bulletin 1034. 


Vulcan T-30's have 30- and 37-foot travels. Motors are mounted at the boiler end to facilitate mainte- 
nance, yet away from heat of the boiler wall. Their plocement avoids interferences. Write for Bulletin 1030. 
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Test vessel fabricated for Westinghouse Electric Corporation. 


atomic age welding specialists 


Dravo's Marietta shops are well stocked with that indis- 
pensable ingredient . . . know-how. The kind of know- 
how that can adapt the techniques of today to the jobs 
of tomorrow. There is a vast difference in even the 
largest and most complicated steam plant power piping, 
and a vessel like the one shown above. But at Marietta 
—it’s routine. 

This particular job is a test vessel, designed to 
simulate actual operating conditions in the labora- 
tory. It involved some interesting problems — auto- 
matic submerged arc welding of the heavy flanges to 
the main body — stainless steel, 25g” thick. Nozzles 


were hand welded — with precise positioning a must. 
The whole vessel is 30 feet long — individual pieces 
weighed in at seven tons. Tested at 3600 psi, it came 
up smiling the first time. This is only one of the 
nuclear jobs for which Dravo has fabricated piping 
and special structures. 

This kind of know-how can be a valuable asset for 
your next piping job. Dravo will do the difficult — the 
“high-brow” piping, or produce the entire job — high 
pressure, field erection, including control panel piping 
— efficiently and on time. For information, write or 
phone Dravo CorPORATION, PITTSBURGH 22, PA. 


DRAVO 


COR PGR AT £ @ 
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For cooling water systems, 
the latest word is ENDCOR 


EN DCOR — new from Dearborn’s research laboratories, gives 
better corrosion control at lower cost in open recirculating 
cooling water systems. 

ENDCOR ~- promotes rapid film formation . . . is completely stable 
against oxidizing agents. 

ENDCOR - sharply reduces corrosion rates and deposit formations 
.-. minimizes sludge adherence to heat exchange surfaces. 


ENDCOR ~ permits operating any open system at higher 
pH readings . . . saves on acid. 


Developed after exhaustive experiments, ENDCOR has been incorporated in 
Dearborn’'s Polychrome® and non-chromate treatments and successfully tested 
under severest laboratory and operating conditions in customer plants for ove. 
a year. Available now in powder or briquette form. Your Dearborn engineer 
will be happy to fit these new treatments to the specific needs of your 

system. Call him today or write for detailed Technical Bulletin. 





DEARBORN CHEMICAL COMPANY 


Executive Offices: Merchandise Mart, Chicago 54 « Plants and Laboratories: Chicago 
Linden, N. J. « Los Angeles « Toronto « Honolulu +» Havana « Buenos Aires 





EFFECT OF ENDCOR ON 


CORROSION — WEIGHT LOSS IN MG/DAY 
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PRODUCTS 


GRAVIMETRIC FEEDERS VOLUMETRIC FEEDERS STOPP4GE ALARMS 
Weigh and Feed Feed Sticky Coals Two Types 








STOCK EQUIPMENT COMPANY 


CONICAL Non-Segregating 
COAL DISTRIBUTORS Eliminate Segregation 


ape lS proor: 


BEFORE 


Illustration of the fire on a chain grate 
stoker that is equipped with two flat 
chutes. Note the two fine coal zones with 
the attendant smoke and fuel going to 
the ash pit. Also note three coarse coal 
zones where the CO, is low and where 
the uncovered stoker iron is exposed to 


high furnace temperatures. 


AFTER 


This photograph shows the same stoker 
after it was equipped with two S-E-Co 
CONICAL Non-Segregating Coal Distrib- 
utors. Note that the uniform coal feed 
produces a fire which is burning uniformly 
across the entire stoker, thus producing 


uniformly high CO,. Also note that the 


. A 

fuel is thoroughly burned out before the UNIFORM UNIFORM UNIFORM UNIFORM UNIFORM 
- : COAL COAL COAL COAL COAL 

ashes are dumped into the ash pit. 


S-E-Co. CONICAL Coal Distributors deliver coal and produces an ash low in combustible. A uniform 
to stokers without segregation. Non-Segregated coal fire makes possible increased boiler rating. Mainte- 
feed assures a uniform fire with high average CO», nance of arches and stoker iron is decreased. 


For even combustion and efficient boiler plant operation replace existing equipment with S-E-Co. 
conical non-segregating coal distributors. Write 


STOCK EQUIPMENT COMPANY 


745. HANNA BUILDING e CLEVELAND 15, OHIO 


S-E-Co. QUALITY PRODUCTS 


2 - AF Uy 
‘ 


GUARANTEE 


CONICAL NON-SEGREGATING COAL SCALES COAL VALVES 
COAL DISTRIBUTORS Two Basic Sizes 6” to 60” — Many Styles 





One of Brookhaven’s three Green induced draft fans. 
Each exhausts 109,000 CFM at 56” S.P. and 140° F., 
operating at 1775 RPM. Each rotor was successfully 
subjected to spin tests producing 50% greater than 
normal operating stress. 

















WHY DID BROOKHAVEN 
SWITCH TO GREEN HIGH 














PRESSURE FANS FOR 


ATOMIC PILE COOLING? 


For 10 years, Brookhaven National Laboratory at Upton, N. Y. had used five fans 
of a leading make for exhausting the hot, slightly radioactive gases from its 
experimental atomic pile installation. These fans were still good, yet Brookhaven 
replaced them with three new Green units. Here’s why: 


Due to design changes in the atomic fuel, the air flow requirements changed 
considerably thereby making it economical to purchase new fans. This change 
in air flow requirements plus the new Green fans with their forged and machined 
rotors and efficient airfoil design (smoother air flow, less turbulence, less shock 
or eddy loss) save a total of $15/hour in power consumption. Not only does the 
replacement installation pay for itself, it gives Brookhaven brand new equipment, 
the most modern of its kind, built to provide the reliability their atomic application 
absolutely demands. 


It will pay you—as it did Brookhaven—to investigate the replacement of your 
present fan equipment with new high efficiency Green airfoil fans. 


co., Inc.| BEACON 3, NEW YORK 
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4 AMBERLITE® ION EXCHANGE RESINS 
aid production of cracking catalyst Bag 


i ; 


The Mobil Oil Company Refinery at Paulsboro, N.J., 
is a volume producer of catalysts for its Thermofor 
Catalytic Cracking process. To provide water for 
catalyst and desiccant manufacturing, Mobil runs 
1,492,000 gallons of Delaware River water daily 
through filters and then a two-bed deionizing system. 
The treated water is used to prepare chemical solu- 
tions, and to wash catalyst beads in one of the final 
processing steps. Water purity is important, since 
contaminants could affect the chemical behavior of 
the catalyst. Mobil’s anion exchange units use 
AMBERLITE IR-45. In over 5 years of service, each 
cubic foot of this anion exchange resin has treated 
more than 1,500,000 cubic feet of water. Mobil Oil 
was one of the pioneers in using ammonia to regen- 
erate AMBERLITE IR-45 in a commercial installation. 
Switching from caustic soda to ammonia regenera- 
tion reduced rinse time as much as 63 percent and 
cut operational costs substantially. 


Other fields in which Rohm & Haas ion exchange 
resins give efficient service include chemical process- 
ing, recovery of metals from ores and waste streams, 
drug manufacturing, food processing and deionization 
of boiler water for power generation. Write for a 
copy of a recently published paper on ammonia regen- 
eration of a weakly-basic anion resin. Also ask for our 
24-page booklet, Jf You Use Water. 
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Chemicals for Industry 


iI ROHM & HAAS 
—— COMPANY 


WASHINGTON SQUARE, PHILADELPHIA 5, PA. 








STORIES HIGH 


YUBA CONDENSERS— 
with the most flexible 
tube bank layout in the 
industry —designed to fit 


any plant or space 
requirements 


200,000 sq. ft. condenser for Widow's Creek Station of TVA 
or BROAD and LOW 


This is a three story high, twin-bank condenser— just one of many tube 
bank layouts possible with Yuba Condensers— most flexible in the indus- 
try. Whether you require a giant condenser or a small one, in a single 
or multiple pass or axial flow design—no matter what the size, type or 
service conditions, Yuba’s flexible design paces the progress in the 
power industry 

Yuba’s twin-bank tube layout, for example, permits turbine exhaust 
steam to flow unobstructed, with equal distribution throughout the entire 
tube bank with a free flow to bottom of condenser and into hotwell, where 
it reheats and deaerates condensate. In Yuba’s deaerating condensers, 
the oxygen in the condensate is guaranteed to be less than 0.005 cc per 
liter. This design is patented. 

For that extra performance, Yuba staggers the tube support plates 
reducing harmonics — eliminating vibration. This is just another reason 
Yuba surface condensers have been installed all over the world in plants 
of many sizes. For full details, contact Yuba today. 

Other Yuba products for steam power plants include 
Feedwater Heaters, Evaporators, Expansion Joints, 
Cranes,Tanks, Structural Steel and scores of other items. 


specialists in power plant equipment 


YUBA HEAT TRANSFER DIVISION 


4th and Main Streets, Honesdale, Pennsylvania 


YUBA CONSOLIDATED INDUSTRIES, INC. 


Sales Offices in Atlanta * Buffalo * Chicago « Cleveland * Houston « Los Angeles * New York * Philadelphia « Pittsburgh * San Francisco * Seattle 


24 
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Hall Industrial Water Report 


VOLUME 8 


Pouring Oil on Water 


NOVEMBER 1960 


Oil will quiet angry waters. But when oil is inadvertently introduced 
to boiler feedwater it can cause plenty of trouble with blistered tubes and 
carryover. Other contaminants in makeup water or condensate can be 
equally or even more dangerous. Thus, for good boiler operation it is 
essential to keep boiler feedwater free of significant quantities of con- 


taminating materials. 


It is part of the Hall engineer’s job to help you locate possible sources 
of contamination before difficulty occurs. When, in spite of all precau- 
tions, something troublesome does get into the boiler feedwater, he is 
prepared by his training and experience to help you to locate the source 
quickly. He is also prepared to be of service on all your water problems 
whether they be in the boiler house, in process, in cooling systems or 


in waste disposal. 


Silica Trouble 


An unusual condition caused pro 
duction losses in an Eastern paper 
mill. Makeup water for the high- 
pressure boiler was clarified with 
aluminum sulfate and activated 
silica and then deionized. When up- 
sets occurred in the clarifier, colloidal 
silica passed through the deionizer 
and into the boiler. This resulted in 
high boiler water silica concentration, 
which necessitated boiler operation 
at lower than normal load. Hence, 
loss of production. 

Hall engineers studied clarifier 
operation by means of numerous jar 
tests. These showed that substituting 
a non-siliceous Hagan coagulant 
aid for activated silica would pro- 
duce satisfactorily clear water with 
complete elimination of silica carry- 
over. A bonus was a more than 
twenty percent increase in anion 
exchanger capacity due to the de- 
crease in the silica content of the 
clarified water 


Tracing Condensate 
Contamination 


Foaming of the boiler water at a 
midwest manufacturing plant indi 
cated that contamination of feed- 
water was occurring. A further 
indication of contamination was 
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SION OF 


difficulty in testing—-when an alka- 
line oxidizing reagent was added to 
samples for oxidation of organic 
matter in the phosphate test, the 
water turned black. 

The condition in the phosphate 
test was checked by Hall field engi- 
neer Earl Hoehn. He discovered that 
he got the same black color when he 
added the reagent to some conden- 
sate samples. He then used this 
unusual but timely test to trace the 
contamination to its source. It 
turned out to be nickel plating and 
metal cleaning solutions, which were 
getting into the condensate through 
small leaks in the steam heating coils 
in the solution tanks. The reaction 
between the nickel and the alkaline 
oxidant was producing black nick- 
elic hydroxide. 


Boiler Cleaning Problem 


Many of the compressors and 
pumps in a New York State hospital 
are driven by reciprocating engines. 
The oily exhaust steam is used for 
space heating and heating hot water 
The condensate is then returned to 
the boilers. 

Because of the lack of oil removal 
equipment there is so much oil re- 
turned to the boilers at times that 
some can be seen floating on boiler 


HAGAN 


CHEMICALS & 


NUMBER 6 


water samples. Oily sludge accumu- 
lates and boiler cleaning is a real 
problem. A turbine quickly becomes 
fouled so badly it is valueless. The 
only effective procedure the operat- 
ing men discovered was swabbing 
out the tubes with rags soaked in a 
solvent. 

When Hall field engineer Sam 
Dilcer learned about the problem he 
tried boiling out the boilers with a 
strongly alkaline metaphosphate- 
metasilicate (Calgonite) solution. 
This is usually effective but in this 
case the amount of oil in the sludge 
deposits was so great the boilers re- 
mained dirty. Wire brushing was 
necessary and the wire brushes be- 
came fouled so rapidly they had to 
be rinsed in a solvent after passing 
through one tube. 

Dilcer then recommended boiling 
out with Calgonite plus a cleaner of 
the emulsified hydrocarbon type 
(Calgon Emulsion Cleaner). This left 
nothing to be desired. Wire brushes 
drawn through the tubes remained 
clean. The plant engineer told Dilcer, 
“You licked our problem with the 
boilers so we'll have to find some- 
thing else to keep you busy.” 


New Booklet Available 


A new 24-page booklet describes 
the many ways industry can use Hall 
Laboratories industrial water con- 
sulting services. 

For your copy, write on your 
letterhead to: 


HALL Lasoratories 

HAGAN CENTER, PITTSBURGH 30, PA 

Consvitants on Procurement. Treatment 
Use and Disposai of industrial Water 


CONTROLS, INC 
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latest unit at Central Hudson 


Burns and Roe Inc., Engineers and Constructors, 
complete third unit at Danskammer Station 


To meet increased load demand, Central Hudson Gas & Electric Corpora- 
tion has added a 140,000 KW 2400 psig main unit at its modern Dans- 
kammer Steam Station. Providing dependable boiler feed service are 
two 2500 HP direct motor driven half capacity De Laval barrel type 
boiler feed pumps. The earlier units have De Laval full capacity variable 


speed boiler feed pumps. 


Each De Laval pump has intermediate pressure bleed off 
for use in controlling steam temperature from reheater. 


Central Hudson's modern Danskammer Steam Station located 
at Roseton, New York on the Hudson River 


ower STEAM TURBINE COMPANY 


886 NOTTINGHAM WAY, TRENTON 2, WN. J. 
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FIRST 


East River Station. One of the 
three huge C-E boilers com- 
pleted in 1929 for Consolidated 
Edison Company of New York 
was the world’s first boiler to 
produce a million pounds of 
steam per hour. To mark the 
unit's completion, a luncheon 
for 90 persons was served 
inside its furnace. 


HIGHEST 


Eddystone Station. World's 
highest-pressure utility boiler 
went into operation in 1959 at 
the Eddystone Station of Phila- 
deiphia Electric Company. This 
supercritical C-E unit serves a 
325,000-kw turbine and is de- 
signed for an operating pres- 
sure of 5000 psi and tempera- 
ture of 1200 F. 


In C-E Industrial Boilers— 


UTILITY-BOILER ENGINEERING 


When buying industrial boilers, you can get 
what you specify from a number of manufac- 
turers. But there is an intangible quality that 
cannot be specified: C-E’s utility-boiler engi- 
neering. This is the engineering skill that pro- 
duced the first million-pound-per-hour boiler in 


C-E Vertical Unit, Type VU-55. 
Available in 5 sizes from 70,000 
to 140,000° Ib/hr. Operating 
pressures from 250 to 750 psi 
for all sizes and for up to 300 F 
of superheat. Utility-type tan- 
gential firing. Designed for con- 
ventional balanced draft or 
pressure firing. 


C-E Vertical Unit, Type 
VU-10. Available in 9 
sizes from 10,000 to 
60,000 Ib/hr. Operating 


iin, EAN I pressures to 475 psi, 
| ' ; superheat to 150 F in 
20,000-60,000 range. 
Efficient over a wide 
range of output. Coal, oil 

or gas-fired. 


WRITE FOR CATALOGS 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT; NUCLEAR REACTORS; 
PAPER MILL EQUIPMENT; PULVERIZERS: FLASH DRYING SYSTEMS: PRESSURE VESSELS: SOIL PIPE 





Woo 


Will County Station. Work is in 
progress on an additional 
510,000-kw C-E unit for the 
Will County Station of Com- 
monwealth Edison Company, 





Chicago. The largest boiler ever 
ordered by an American util- 
ity company, the new 20-story 
structure will require over 450 
carloads of material. 


GIVES YOU EXTRA QUALITY 


1929, the world’s highest-pressure utility boiler 
in 1959, and is now at work on the largest boiler 
ever ordered by an American utility company. 

Because C-E engineers are accustomed to the 
uncompromisingly high standards of the electric 
utilities, you can expect many extras when C-E 




































































builds an industrial boiler. These show up as 
refinements in design, uniformly high-quality 
materials, superior manufacturing techniques. 
For catalogs or other information, contact C-E 
headquarters or your nearby branch of C-E’s 
nationwide sales and service organization. 


C-E Package Boiler, Type VP. Available 
in a wide range of sizes frorn 4,000 to 
90,000 Ib /hr. Operating pressures to 700 


psi, temperatures to 750 F. 


Rein- 


forced, gas-tight, weided-steel casing. 
Ready to install on simple concrete 


foundation. 


COMBUSTION [} ENGINEERING 


New York Office: 200 Madison Ave., New York 16 
Canada: Combustion Engineering-Superheater Ltd. 


General Offices: Windsor, Conn. 
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Utilizes Westinghouse 
silicon high-voltage 
rectifier cells 
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You get more power...reduce maintenance. ..increase reliability when you 

“4° “¢° + Buell Silicon Rectifier units can 
convert to Buell Silicon Rectifier Units increase ericiency of your ree 
tifiers 25% or more @ Per- 

fected and specifically designed 

for fast, simplified conversion of 

existing mechanical or tube recti- 

fiers @ They cut operating costs, 

reduce overall maintenance @ En- 

able more efficient utilization of 

power @ Eliminate rectifier main- 

tenance @ Reduce outages @ 

Reclaim plant space @ Suitable 

for indoor or outdoor installation 

@ For only a small investment you 

can materially improve your recti- 

fier performance @ For details of 

the unit and a specific proposal 

write: Buell Engineering Co., Dept. 

76-K, 123 William Street, New 

York 38 @ Northern Blower Divi- 

sion, 6413 Barberton Ave., Cleve- 

land, Ohio M@ CYCLONES, ELECTRIC 

PRECIPITATORS, BAG COLLECTORS, COM. 

BINATION SYSTEMS, CLASSIFIERS, FANS. 
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SINDUSTION 
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GUEST EDITORIAL 





Plain Words 


By CAPRICORN 


Complaints are fairly widespread that the number of confer 
ences 1s growing and is getting beyond a joke Conferences 
and exhibitions (the two often go together)—multiply with the 
spawning of specialisms. Think of a good theme, a catchy title 
ind you are half way to planning a profitable conference 

Don't try and do the whole thing yourself, though. Far better 
get hold of three or four experts who are capable of some deep 
thinking on the chosen subject and have a flair for high-level staff 
work. They must also have that curious weakness for attending 
committee meetings that 1s, I think, a form of vanity. Handle 
them carefully in the early stages, otherwise they may decide they can’t afford the time and 
leave you high and dry. Once they get stuck into the job, however, keep them on their toes 
Follow through, too, right at the end of the proceedings by writing each of them a real per 


Whe is Capricorn?* 


sonal letter thanking him for his help 

If you can win the cooperation of a dozen or so people in this way you can adopt a crop 
rotation system, letting each one lie fallow for a year or two, until such time as he 1s begin 
ning to wonder why you have not been on to him lately. Just at that moment-——-when he 
is being gnawed by doubts as to his own ability come in smoothly with your next request 

If you are an old conference hand you will know not to overestimate or underestimate the 
importance of the papers and addresses. They must be good enough to earn general approval 
from a critical audience, and to attract all the important people in your chosen field. But 
beyond that they are not important; their job is to generate a stimulating atmosphere so 
that the really fruitful contacts and discussions can develop. Then will you have earned 
your reward. Communication, the life blood of science and engineering, will flow freely and 
no man will be able to measure the manifold value of the conference 

When the summit conference broke down and Eisenhower and Khrushchev were glaring 
at each other across the world, and the newspaper headlines were given over to the trial of 
Powers, an American professor attending the First International Congress of the Inter 
national Federation of Automatic Control in Moscow brought with him his wife and four 
children, and after the conference he took them on a holiday tour of Russia. This is one of 
many thousands of cases where men on the lower slopes of international contacts are quietly 
working away, exchanging ideas and information, while on the summit the spotlight of pub 
licity singles out discord and disagreement 

»o press on with your specialist conference. Ignore the folk who say there are too many 
they don't have to attend if they don’t want to). Put on a good show and there will be 
no shortage ot delegates 


* Capricorn's column appears regularly in the pages of our contemporary 
Engineering, published in London, England. Diligent research has failed to un- 
cover his identity and Engineering's editor, F. B. Roberts, says “. . . he is an imag- 
inary person who, | may say, is more successful than many of us who are reol.” 
Capricorn’s whimsically pointed remarks continue to delight us—we think you'll 


enjoy him too. 
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Science Looks at 


Combustion Mechanics in... 


Effects of physical parameters: 


PRIMARY AIR QUANTITY 


—_——_— w 35% STOICHIOMETRIC 
mae HIGH 75% STOICHIOMETRIC 
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VOLATILE 
METTER 


80 120 60 200 
TIME , MILLISECONDS DISTANCE, METERS 
ig. 1—Effect of primary air quantity (time basis) on evolution of volatile Fig. 3—Effect of coal fineness on evolution of volatiles and combustion of 
matter and combustion of residue residue 


Velocity profiles of flames: 
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DISTANCE FROM FURNACE 


VERTICAL PLANE 
Fig. 5— Velocity contours in a vertical plane parallel to furnace axis 
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... First Performance Trial and First Combustion 
Mechanism Trial with Pulverized Coal 


Our recent experience at the Joint Solid Fuels Con- 
ference in Charleston, W. Va., showed the tremendous 
interest in and need for real knowledge of the basic 
mecharics of pulverized coal firing. We are faced 
with a choice between progress through a thorough 
understanding of how coal burns or mediocre ad- 
vancement by continued application of empirical data. 
This British study shows how science is at long last in- 
vestigating a subject that has been an art for too 
many yeors—the business of burning fuel. Sample 
curves on the opposite page give an idea of what can 
be accomplished 


vears both engineering and 


VER 


scientific 


period 
experiments have been carried out by 

the International Flame Research Foundation 
using flames of gaseous and liquid fuels The 
this work have e1 ibled npre hensive picture to be ob 


tained of the turbulent jet 


results of 


diffusion flame, a flame which 


is much used in the metallurgical and ceramic industries 


The series of trials described in these papers wert 


concerned with flames fron high-volatile pulverized 
coal projected centrally along the axis of a long narrow 
air arriving through 
There is thus 


flames 


furnace and having the secondary 


in annulus concentric with the primary 


a certain aerodynamic likeness between these 
and the 

In the 
measurements 
flame 


one flame 


pre VIOUS gas al d oil fl imes studied 


Performance flames were studied, the 
mes being confined to the 


trial only 


inside 
ixis. In the ¢ Mechanism 
was examined it the internal measurements 
ensional picture 
Performance trial with 


1 ) . 
be ind 


made to give 
of the results of the first 
pulverized coal have already beets 


only the 


wert 
Some 
published 
en hers 


conclusions are gi 


bro id 


Plan of the Trials 


Previous work (3) on oil gas flames has indicated 
that most of the 
lated to the air 
tion of the 


It was therefore decided i 


nportant lary 


le properties can be re 


fuel mixing rate and that this ts a func 


tle diameter 


this trial to ke ep a constant 
nozzle diameter for the primary air and coal and to uss 
uantity The 


equivalent of the burner 


two levels of primary constant 


rnal of the Insitute 
nal Plame Research P< 
numbered items appearing 
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By E. H. HUBBARD? 


British Petroleum Co. Ltd. 


nozzle diameter means, in the case of a slow moving 
secondary-air stream, that the 
the primary fluid and its surroundings 
should be constant with distance until the 
is affected by the walls of the enclosure 


To determine the influence of the secondary 


rate of mixing between 
air plus coal 


combined jet 


ur on the 
mixing between the two streams, each of the above two 
conditions were combined in turn with two concentri 
secondary-air ports giving (a 


Each of these four conditions of 


a very low and (+) a high 
secondary-air velocity 
mixing was studied with two levels of fineness 
93 per cent through 74 «w and with and without water 
rhe number of pipes used 


70 and 


cooling pipes in the furnace 
was the maximum possible consistent with flame stability, 
the pipes being evenly spaced along the furnace walls 
except for the first two metres 

rable I gives the plan of experiments and the input 
variables and Table II gives the 

rhe furnace pressure, which has a 
the general temperature level, was adjusted so that the 


coal analysis 
very great effect on 
content im the chimney 


oxygen corresponded to the 


measured 110) per cent stoichiometric air of the imput 
variables 


that this condition gives a zero static pressure within the 


It has been shown in previous experiments (4 


furnace doors at burner height and that the inleaking 


ir here is negligibl 


Supplementary Experiment 


In the mam experiment the effect of secondary air 
velocity was not significant and this was considered to 
be because the primary air quantity was too high 

It was impossible at that time to reduce the amount of 
air with the existing installation, but by doubling the coal 
rate it was possible to use the same absolute amount of 
air which then became only half the previous value when 
expressed on a stoichiometric basis. This supplementary 


experiment was conducted with the following variables 
4 
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Coal rate constant at 350 kg h 

lotal air constant at 110 per cent stoichiometric 

Water cooling as used in the main experiment 
rhis 
furnace 

Coal fineness 

Burner sizes, as for the main experiment 


was necessary to avoid damage to the 


70 per cent through 74 yw 


Primary air 35, 25 and 17 per cent of stoichiomet 
ric. 


PLAN OF INPUT VARIABLES FOR THE PER 


FORMANCE TRIAI 


Primary Air Secondary Air 
Quantity Quantity Fine 
Per Per 
centage Per 
Storch 
metrn 


ness 
centage 
Stoichio 


metrn 


Water 


ooling 


Velocity \ elocit centage 
M /Se« M /Se 74 


i 1.5 u 


Coal rate, 170 kg/h (1.15 K 10° keal/h primary 
ture, 80 C; secondary-air temperature, 400 C; total air, 
stoichiometric; primary-air diameter, 100 mm 
ur annulus, (2) 760-176 mm; (6) 205-176 mm 


ir tempera 
110 per 


cent secondary 


Measurements Made During The Performance Trials 


During these trials measurements of gas velocity, tem 
perature and composition, and solid particle concentra 
tion and composition were made on the flame axis only 
External narrow flame 
radiation and emissivity were made using the modified 
Schmidt method and the wall temperatures, as deter 
mined by the use of thermocouples embedded in the hot 
face, were recorded. The instrumentation and methods 
used are described in an internal report to be published 


measurements of the angle 


shortly (5 


Results 
It has been shown by many workers that the combus 
tion of coal can be divided into two parts 


” 
volatiles 


a) Lhe evolution and combustion of the 


When the volatiles are 
cracking and soot formation will occur if there is insuffi 
This soot formation 
to burn the 


evolved, it is possible that 


cent air available to burn them 


can be prevented by having sufficient ait 


ANALYSIS OF RA COAL AND AN EXAMPLE OF THE 


ANALYSIS OF PuLverizep Coal 


Analysis carried nburg, to 
Standards 

b) Analysis carried out by nited nalysts, 
B.S.S. 1016 

Analysis carried out ited Analysts 


nicroanalysis methods used f 


Newcastle, by 


m the flame 


mpies taken Ir 
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Fig. 2—Effect of secondary air velocity on flame radiation when the pri- 
mary air quantity is low 
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Fig. 3—Effect of coal fineness on evolution of volatil 
residue 


volatiles as they are evolved. It may also be reduced 
under certain conditions by various gases, most of which 


are present in combustion products (6, 7 


h) Combustion of the coke-like residue 


After the evolution of the volatiles the residue 1s sur 
rounded by a cloud of volatile matter. This volatile 
matter burns and fresh supplies of oxygen must diffuse 
through it and the products of combustion before the 
combustion of the coke-like residue can begin. 

Che amount of solid material in a pulverized-fuel flame 
is very high, even after combustion is complete, because 
of the remaining ash. This means that the emissivity is 
high and that any changes in it due to different com 
bustion conditions are small. The main effects on the 
flame of external variables are thus on the flame tem- 
perature, rate of evolution and combustion of the vola- 
tiles, and the rate of combustion of the residuc 
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keffect of Vixing 
When the 


burn 


Primary-Air Quantity (Primary 
iir Quantity is very high the volatiles 
ed and the combustion 

It is then not possible 


prim iTy 
as soon as they are evoly 
of the coke residue begins sooner 
to differentiate the two stages by the tem 


in the 


on this scale 
A decrease 
slower combustion of the re 


perature or radiation measurements 


amount ol primary air causes 


sidue (see Fig. | page 32 it 1s then possible to observe 
the flame axis does not have a 
a flat topped 


even show a small drop in 


that the gas temperaturs 


maximum, but consists of 


sharp peakee 


curve which sometimes 


temperature between thi latile burning and the com 


is based on the analyses 


Fig 


flame axis 


bustion of the residuc 


f the solids on the It does not give the 


mount of volatile matter that has burnt, but the amount 


which has been evolved In this instance, with hot re 


fractory walls near the burner, this is only a question of 


heat transfer and not of primary air quantity 
Further reduction in the 
duces the rate of combustion of 
the flame axis as is indicated by the larger concentrations 
The narrow angle flame radiation 
is increased owing to the higher temperature 
Che supplementary experiment 
further primary air 


mount Of primary air re 
the volatile matter on 
of unburnt gases 
however 
with less diluting air 
that with 
quantity, the peak radiation 
ind then fell, possibly due to delayed combustion 


showed reductions im 


passed through a maximum 
hese results suggest that the emitted by the 
flame is more concerned with what is happening in the 


energy 


hot burning sheath than with the combustion processes 
on the 
Effect of ocity (Secondary Mixing 
rhe results of model work (S that 
the mixing of primary fluid with its surroundings is not 


flame axis 
Secondary Aiur 

1verodynam show 
iffected by the momentum of the 
that the 


velocity 


secondary air, provided 
s negligible. When this 
mixing between the two 


secondary velocity 


is high, however, the 
streams 1s quicker than that expected due to the primary 
momentum alone 

In the main experiment in the furnace, the secondary 


ur velocities were changed from 1 ms~'to 70ms~', but 


combustion, radiation and wall tem 


the results of the 
peratures show very strikingly that this change had no 
effect when the 


stoichiometric 


primary-air quantity was 75 per cent 


ind only a small effect when the primary 


ur quantity was 35 | ent stoichiometric This is 


because there was always cent quantity of primary 


ur available and mixing was therefore 


unimportant 
When 


umulative 


the 
streams which is impor- 
total 
primary 


there is not ifficient 
effect o 
tant 1.¢ the rate 
ur. When only 17 
ur was used, the radiation fell 
2.6 metres from the burner when 


When the seci 


the cooling effect of the 


primary air, it 1s 


between coal and 
stoichiometric of 


from the peak value after 


per cenit 


the secondary air velox 


ity was low mdary velocity was high, 


however, extra air reduced this 
peak radiation after 1.8 meters (see Fig. 2 
Effect of F When 


the volatiles will be « 
and 


nene the size of the coal particles 


is smaller volved more quickly 


see Fig. 3 sufficient oxygen available 


of these and of the 


if there is 
erature 
residue will be quicker. In tl 
10 C higher 
irer to the burner 


the combustion and temy rise 


us case the axial gas tem 


perature was the position of the maxi 


mum was ne Fig. 3 also shows the 
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concentration of residual solid particles to be much less 
with the fine coal. The emissivity is slightly more with 
fine coal owing to the greater surface area. The flame 
and wall radiations are increased 25 and 8 per cent re 
spectively at the maximum point which is moved 50 per 
cent nearer to the burner 

Effect of Water Cooling. The 
pipes for the whole length of the furnace except for the 
first 2 meters absorbs 40) per cent of the heat input and 


use of water-cooled 


reduces the heat lost through the water-cooled doors from 
13 to 7 per cent 

The effect on the flame is to reduce the initial rate of 
combustion here is more solid material in a water 
cooled flame, the rate of initial temperature rise is de 
creased and the general level of temperature 1s reduced 
by 200 to 400 C. The flame radiation to a cold receiver 
is reduced by 40 per cent and the wall radiation is re 


duced by 50 per cent 


General Conclusions from the First Performance Trial 


a) In general the emissivity of these pulverized-coal 
flames is over 0.8 and remains over 0.7 when combustion 
is complete because of the ash content of the flame 
Hence the variations in emissivity between one flame and 
another are not very great, although those flames which 
evolve the volatiles more rapidly in a proportion of 
primary air insufficient to burn them gave a slightly 
higher initial emissivity because of soot formation 

(b) The main effects of the variables are upon the rate 
of evolution and combustion of the volatiles, the com 
the residual carbon and upon the radiant 
temperature of the flame. Primary air quantity is again 
the most important variable and fineness of coal the 
next most important 

c) The measurements of temperature, velocity, gas 


bustion of 


and solid compositions were made only on the flame 
axis, and these results cannot always be related to the 
external flame radiation, which latter is derived from the 
outer burning sheath. This suggested that a full three 
dimensional investigation would be useful in producing 
a picture of what happens inside a pulverized-fuel flame 


Objects of the Combustion Mechanism Trial 


The main object of the Combustion Mechanism trial 
was to obtain a three-dimensional picture of what a 
pulverized-fuel flame looks like. Aerodynamically, the 
flame the simplest two-stream two 
phase system that could be produced with the existing 


examined was 
equipment 
As a result of the trial it was evident that two aspects of 


flame structure required investigation hese were 


a) Differences between mixing and combustion proc 
esses on the jet axis and those occurring in the 
outer sheath of intense combustion 

b) Differences between the behaviour of the solid par 
ticles and the gases associated with them 


Preliminary Experiments 


Several levels of primary air quantity (between 14 and 
5O per cent stoichiometric) were tried with a high-volatile 
In each case the velocity of the primary 
by changing 


Lorraine coal 
air was maintained constant at 34 m s 
The velocity of the secon 

The flame radiation was 


the primary burner diameter 


dary air was small (<1 ms 
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Fig. 4—€ffect of quantity of primary air on flame radiation 


measured in each case (see Fig. 4) and it was observed 
that the only large difference due to changing the primary 


rhe significance is 


air quantity was near to the burner 
at the 5 per cent level, between 13 and 22 per cent and 


38 cm from the burner 
The 


region ap 


22 and 28 per cent primary air, at 
None of the other differences are 
emissivity of a flame 
proaches unity, and is not changed much by alterations 


significant 
especially in this 
of the input conditions so that any change in flame ra 
diation is due to flame temperature change 

The explanation of this figure is that during the com 
bustion of the volatile matter in the initial stages of the 
flame, any excess of primary air above a certain amount 
will act only as a diluent and lower the temperature. If 
the primary air is reduced, the temperature and hence 
the flame Reduction of primary air 
beyond a certain point, however, delays the combustion 
of the volatile matter and so the flame te mperature does 


radiation rises 


not deve lop as qui kly his suggests that there may be 
value of the primary air for high initial 
his value is 22 to 24 per cent stoichio 


an optimum 
temperature 
metric for this coal, and re presents ibout 50 per cent ot 
the air required to burn the volatile matter only 

» The phenomena discussed here apply chiefly to the 
outer burning sheath and it is of course the total air with 
which the fuel is associated that is important. In this 
particular experiment the velocity of the secondary air 
was negligible. If the experiment were repeated with 


a higher secondary air velocity which itself contributed 
to the energy of mixing, the same types of curve would 
probably be obtained with the maximum at a different 
level of primary ait 
likely 


volatile matter 
and 


when the combustion of the 
lack of air, it will crack 
i flame of this type has great 


that 
is delayed by 


It seems 


to form soot hence 
value in understanding that combustion mechanism 
flame chosen for 


From a practical point of view the 


this experiment had as low a quantity and velocity of 


primary air as was practicable Combustion of volatile 


matter thus occupied a long distance and a good oppor 


tunity was provided for making measurements 
Special Measurements 


rhe internal and external measurements mentioned by 
Thurlow (9 
tion two special investigations were 


were made during these trials, and in addi 
ittempted 
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Use of a Radioactwe Jracer to Determine Mixing Pat 


terns. In previous work on gas and oil flames the air: fuel 
ratio within the combustion chamber has been calculated 
from based on balances of the chemical 
elements involved. 
balance that the individual chemical elements used in 
the gaseous phase, together with those fractions of them 
which exist in the solid or liquid phases and which have 
unit 


rhis 


equations 
It is of course assumed in making a 


originated from the fuel, have all arrived at the 


volume under consideration by the same path 
includes material which has recirculated. 

In the case of pulverized-coal flames where the particles 
are much larger than in liquid-fuel flames, this may not 
be the case, and if it is not the case then a chemical 
balance cannot be made 

The aerodynamic 
primary and secondary air 


measured for three vertical traverses by injecting a radio 


between 
therefore 


mixing in the furnace 


streams was 
active tracer into the primary stream and estimating its 
concentration at various points within the flame (10 
This investigation was done by the Koninklijke Shell, 
Amsterdam. The concentrations were then compared 
with those obtained by conventional chemical balances 

Difference 


It was considered possible that there 


sin Temperature Between Gases and Particle 
might be dif 
ferences in temperature between the flame gases and 


the particles associated with them. These differences 
might well be greater if the gases and particles had not 
followed the same path 

A comparison was made by the staff of the British Coal 
Utilisation Research Association, Leatherhead, between 
a suction pyrometer and a venturi pneumatic pyrometer 
in order to see if any differences in temperature between 


the particles ind the gases could be determined 


Input Variables 


Faulquemont Lorraine 

D.Al 

SS per cent below 

About 1.5 per cent 

Coal rate 120 kg h OSL &K 1 keal 

Primary air: quantity 108 Nm? ! 12 p 
Temperature 98 C 

34 m sex t 9s C 

quantit S60 Nn 


Coal 8 per cent 
matter 
Fineness 


Moisture 


velocity 
Secondary air 
metre 
Temperature 400 C 
velocity 0.8 m sec 
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he primary air and were injected into the fur 
diam and the 
with the 


176 mm 


central! ] i 34 mm 


air entered 


nace through a 
concentric 
O.D. and 


secondary 
primary via an annulu 


I.D 
Experimental Results 


AERODYNAMIC PROCESSI 


rhe concentration an elocity profiles for free tur 


bulent jets where the mixing is a function of primary 


tudied by various workers, 
hown (12) that 


nsidered, as far as mass 


fluid momentum have bee 
cf. Hinze (11 It has beet an enclosed 
jet of the same type « 
entrainment into the jet is concerned, as behaving simi 
larly until it is affected by the walls of the 
The system studied here, with a surrounding annulus of 
though not 


and 1s the 


enclosure 


slowly moving* secondar ur, is similar 


identical with the situat: i cement kiln, 
the turbulent diffusion jet towards 
fluid in the sur 
tributes energy to the 


h to the study of this problem 


first step away from 


the case of concentric j where the 


annulus also « mixing 
A first appre 


lissandier Ss 


rounding 
processes 
is given by it it is useful to see how the 
condition studied here compares with the simple single 
ret 

Velocity Distribution Che flame was projected cen 
trally along the 


a turbulent diffusior 


and had a shape simi 
burner 


ixis of the furnace 

flame. The primary 
lightly (about 2! so that 
buoyancy on this moving flame 
» the roof and out of the region 
When the 


, however, 


lar to 
was inclined downward 
the effect of 
would not lift it too near tv 

, 


where measurements could be 
falls to less thar 


slow 


axial 
this 


made 


velocity ibout 10 ms 
effect is 


contours 


quite pronounced Fig. 5 gives the velocity 


Recirculation, due to the pressure differential, 
ill round the main forward stream, but preferen 
under the 


Stati 
occurs 
tially 
the furnace 


the two bottom corners of 
taken up by 


Too! 
Phe l ross-section 


srs == te A 
__ RECIRCULATION | ‘ | 
| | 4 


“ 


8 ed 


DISTANCE FROM FURNACE 


actual velocities 
Values of 


is large and hence the 
difficult to 
were observed, but it was not possible 


recirculating gases 
are rather small and 
20 ms 


measure 
about 
from the velocity measurements taken to define the limits 
of the recirculation zones. (Subsequent development has 
enabled much lower velocities to be measured 

a temperature of 400 C 
and a mean velocity of 0.5 ms Being colder than the 
furnace atmosphere, it tends to fall as being 
entrained by turbulence into the primary stream. This 
falling stream of secondary air can be seen in the vertical 
section of velocities (see Fig. 5) and in the temperature 
see Fig. 16 At distance equal to about 1.5 furnace 
widths (2.4 meters flow of recircu 
lating gases and this produces a region of instability, the 
general result of which is that the mixture 
uir and recirculated products rises around the outside of 
both the velocity 


The secondary air enters at 


as well 


it meets the reverse 


of secondary 


the main jet. This can be seen in 
pictures 

rhe recirculating gases above the jet do not meet such 
a strong forward current of air, and therefore continue 
until much nearer the burner where they are then mixed 
with the secondary air. All the phenomena are 


similar to common experience with gas and oil flames 


above 


studied previously 

The reciprocal of the axial velocity for a free 
a straight line of which the slope is a function of the 
equivalent nozzle diameter.’ This is a property of the 
free jet and is associated with a constant angle of spread, 
the mass of material entrained being proportional to 
distance from the burner. The same property applies to 
an enclosed jet so long as it 1s not affected by the walls 
of the enclosure. When this occurs the in axial 
velocity is more rapid and the reciprocal axial velocity 
“equivalent nozzle diam 
and Thring 


jet 1s 


decay 


curve is no longer linear. The 
eter’ for a single jet as defined by Newby 
(12) is that nozzle which passes the same mass flow, at 
actual nozzle, but with the 


momentum as the 


final mixture 


the same 
density of the 
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Fig. 5-—Velocity contours in vertical and horizontal planes pereliel to 
furnace axis 
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PRIMARY BURNER DIAMETERS 


Fig. o—Reciprocal of axial velocity and time from the burner 


In this case the reciprocal axial velocity (see Fig. 6 
is a straight line after about 45 primary burner diameters 
rhis means that after this distance, the combined stream 
behaves as a single jet. This can also be verified from 
Fig. 7 the radial distribution 
constant between 1.6 and 4.1 meters from the burner 
If it be assumed that the primary and secondary streams 
mix before this distance then an “equivalent nozzle’ 
can be calculated which is based on the total mass flow 


where is shown to be 


and total momentum and the density of the final mixture 


This gives an ‘equivalent nozzle’ of 196 cm. From 


single jet theory it is also possible to calculate the 
equivalent nozzle (d‘) for the combined streams after 
complete mixing, from a knowledge of the slope of the 
full line in Fig. 6 as 


RADIAL DISTRIBUTION OF 
BURNER FLUID CONCENTRATION 
sior 5 80 METERS 
s.OT 4 255 METERS 
SLOT 5 5350 METERS 
ABOVE JET AXIS 
BELOW JET AXIS 
ONCENTR ATION AT POINT #.¥ 
CONCENTRATION AT CENTER OF 
Radia TRAVERSE THROUGH Y 











002 004 OO6 O08 


y 
x 


Fig. 7—Radial distributions of velocity 


where V,, is the axial velocity at a distance x from the 
origin and V,, is the velocity at the origin. For single 
is taken as the velocity in the nozzle (here 

34.2 m s~') and this would give an equivalent diameter 
of 418cm. It has been shown however (8) in certain con- 
centric jet systems that the axial velocity rises on leaving 
the nozzle (cf. the poimt near the burner im Fig. 6), and 
it is suggested that the position at which this maximum 
velocity occurs be considered as the ‘origin’ of the 
In this case it would require a 


jets V 


oo 


combined jet system. 
maximum velocity of 67 m s 
diameter of 196 cm as calculated from considerations of 


to give an equivalent 


total mass flow and momenta. This is not unreasonable 

Concentration Distributions. In a free jet the distribu 
tion of burner fluid concentration is almost the same as 
the distribution of velocity. In an enclosed jet however 


where there is recirculation within the enclosure, the 
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Fig. 8—Radial distributions of burner fluid concentration 
+ following arabic numerals refers to measurements above the flame axis 
— after the arabic numerals refers to measurements below the flame axis 


surroundings consist of a mixture of air and recirculated 
products and these recirculated products are themselves 
a mixture of air plus burner fluid. As long as momentum 
and pressure are conserved within the jet it will entrain 
the same total mass as a free jet, but the concentration 
of fluid originating from the burner will become progres- 
sively higher than a free jet because of the presence of 
the recirculation 

This means that whereas the radial distributions of 
velocity expressed non-dimensionally may be constant in 
an enclosed jet, the radial distributions of concentration 
of material which has originated from the burner cannot 
be constant in an enclosed jet. A comparison between 
Fig. 7 and Fig. 8 illustrates this. 

From an aerodynamic aspect it is important to know 
how the particles behave in relation to the gases. Ulti 
mately of course if the jet be long enough, the particles 
will tend to fall out of the gas stream, but calculations 
based on Stoke’s Law show that within the flame 
studied there would only be a fall of the order of 0.5 cm 
after 5 meters for particles of diameter 10 at the edge of 
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Fig. 9—Comparison of distributions within the fame of constituents present 
in the primary burner flvid 


the jet. This is from considerations of terminal velocity 
only. Fig. 9 shows the distribution of constituents pres 
ent in the primary burner fluid (coal plus primary air) 
for vertical traverses at three distances from the burner. 
The ordinate is non-dimensional and represents the con- 
centration of each constituent at the point concerned 
divided by its concentration in the primary burner 
Concentration of constituents: (a) x,-—Calculated from 
a krypton balance based only on pure gases which were 
presented in the primary burner. This is independent of 
the particles and of any combustion phenomena. 
Calculated from an ash balance, based on solid 
particles which have come from the burner to the point 
under consideration. This is independent of any com- 


b) x, 


bustion phenomena 

c) x-—Calculated from a carbon balance; refers to all 
the carbon including that which remains as solid residue 
with the particles, that which is evolved with the volatile 
matter and that which has burnt to form CO or COs. 
It is thus concerned both with the particles and with the 
gases that have originated from them and which may be 
in various stages of combustion 

These calculations do not differentiate between burner 
fluid which has traveled directly to the point under con 
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sideration and that which has recirculated in the furnace 
In this particular flame it was visibly evident that the 
amount of ash recirculating was small and this will in 
troduce a difference between x, and the other two factors, 
which is relatively unimportant in the center of the jet 
near to the burner, but which tends to give lower values 
than for the gaseous tracers further away from the 
burner, and also above the jet axis 

For the first part of the furnace most of the recircula 
tion occurs above the flame and hence there will be more 
“gaseous carbon’’ and krypton above the jet axis than 
below. It would be expected that the ash and the carbon 
would agree in the center and below and the carbon and 
krypton would tend to agree above the jet. 

Unfortunately the data are insufficient to draw any 
quantitative conclusions. It can be said, however, that 
up to 1.6 meters from the burner, time mean samples show 
little difference between the aerodynamic behavior of 
the particles and gases. Beyond this distance qualitative 
agruments may be advanced to explain the differences, 
but more experimental confirmation is needed. 

Fig. 10 shows the shape of the flame as determined by 
the total concentration of solid particles. The value of 
10 mg 1~' is about the concentration of ash only after 
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Fig. 10—Shape of flame from concentrations of solid particles (mg I-') 


shown at each 


rhe 


measuring slot are the cross-sectional pictures drawn to 


complete combustion outlines 


the same scale. Two things are evident from this figure 
rhe first is that the position of the maximum concentra 
tion closely follows that for the maximum velocity (see 
and the second is that it seems as if the flame is 
between each measuring point. This 
Phe radial distribution 


Fig. 5), 
rotating about 45 
is about 3 revolutions per second 
of the particles using ash as a tracer element is given in 
Fig. 11 It is difficult to the 
distribution has from this figure and the best straight line 


conclude what shape 
through each set of points has been given solely for 
clarity. The important point is that the distribution of 
the solids shows an angle of spread which increases at 
rhis should be 


increasing distances from the burner 


compared with that of the velocity (see Fig. 7), which 
has a constant angle, slightly narrower than that of a 
free jet, and the which 


exhibits the effect of recirculation, 


gas concentration (see Fig. S 
is has been found in 
previous trials (13 

Fig 
spread of the gases and particles 
half-peak velocity for the gases and the half-peak con 
centration for the particles 
the other 


the 
[his is based on the 


12 shows a diagrammatic representation of 


that the whole jet is 


revolving slowly, the spread of the particles until they 


In view of evidence 


are affected by the furnace walls might be accounted for 


by centrifugal force rhe above discussion emphasizes 


- ~e ~ — 
RADIAL OFSTRIBU TION meTance PROw 


OF ASH 





. 11—Readial distribution of ash 


that in this type of slow-moving flame the aerodynamic 
mixing between the two gaseous streams may not be 
completely followed by the particles, and this may make 
it difficult to with 
phenomena except in a qualitative manner 


correlate aerodynamic combustion 


COMBUSTION PROCESSES 


Behavior of Particle On entering the furnace the raw 
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Fig. 12——-Comparison between spread of gases and particles 


pulverized coal is subjected to intense heating (the rate 


of temperature rise being of the order of 10,000 C sec 


and the volatile matter is evolved. Fig. 13 shows the 
disappearance of the volatile matter from the residue, 
and that this takes place more rapidly at the edges of the 
flame than in the centre since most of the heating is due 
to radiation from the walls. In Fig. 14 the 
values on the flame axis are plotted against the residence 


time and it can be seen that 50 per cent of the volatile 


furnace 


matter is evolved in 20 millisec, and 95 per cent in 50 
millisec. These curves are based on analyses of the solid 
material from within the flame do not show 
the rate of combustion of the volatiles, but only their 
[The other curve shows the burning 


50 per cent of this requires 


and hence 


rate of evolution 
away of the carbon residue 
100 millisec and after 350 millisec more than 10 per cent 
remains 

The processes of coal swelling and the formation of 
semicoke and cenospheres, of volatile evolution and 
thermal cracking to produce carbon black are described 
by Alpern et a/. (14) after a microscopic study of particles 
collected from various points within the flame 

Combustion. The first part of this flame 
general form of a cool central core of partially burnt fuel 


has the 
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Fig. 13—Evolution of volatile matter and combustion of the carbon residue 


i hot she intense combustion In 


surrounded by 
this region one is concerned ost entirely with combus 
tion of the volatiles. Fig shows the rapid appearance 
of unburnt gases which corresponds to the sudden change 
in the character of the coal (see ref 

Fig. 15 concerns the axis of the flame 


for the first part of the flame 


l4, Fig. 3 

where the tem 
perature is lower and wher 
only the 
sharp disappearance of 
that even 
evolution for some of the 


primary air is ilable for combustion The 
ind rise of CO, implies 
immediately after 


rhe 


15 muillisec 


follows 
latile 
the first 
sheath they 


here combusti 


matter above 
on the 


will of course 


phenomena take place withu 


flame axis and in the hot outer 
occur even more quickly 

ind 75 millisee there is no oxygen on the 
ixis and the of the 
Chis implies that combustion is here governed by 


Between 45 
flame 


less 


rate of rise COs. curve is much 


econdary air by a process ot 


the rate of arrival of the 
turbulent diffusion through the other sheath. 

After about S) millisec the rate of production of CO, 
Che important phenomenon here is that 


This suggests that there is 


increases again 


mcreases 
ul ible 


other factor is limiting the rate at 


the oxygen also 


now sufficient air av or combustion but that some 
which the oxygen is 
the unburnt gases this is duc 


Haw 


being used In the cas 


to the macro turbulence—the “unmixedness” of 
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Fig. 14—E€veolution of volatile matter and combustion of carbon residue on 
flame axis (solid line represents volotile malter, dashed line shows cor- 
bon residue) 
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Fig. 15—Gas analyses on flame axis 
thorne, Weddel and Hottel (15 In the case of the 
solid residue it is probably due to molecular diffusion of 
oxygen towards and products away from the surface of 
the particles. After there is more oxygen 
than 1s required to combine with the unburnt gases and 
hence molecular diffusion mentioned above then becomes 


160 millisec 


ol increasing importance 


lemperature Differences between Particles and Gase 

Because of the nature of the disintegration and burning 
of coal particles and also because of the possibility of 
different paths followed by the particles and gases, there 
is a possibility that the two constituents do not have the 
same temperature. A was made during 
these trials between the temperatures as measured by a 
suction pyrometer and a venturi pneumatic pyrometer 
British 


been 


comparison 


his comparison was made by the staff of the 
Coal Utilization and has 
mentioned by them in a recent publication (16) 


Research Association 

The suction pyrometer records a temperature which is 
chiefly due to heat received at its thermocouple junction 
by convection from the gas stream. To a smaller extent 
it is affected by radiation from the surrounding shields 
rhe particles in the gas stream which are drawn into the 
shields will also give up heat both by impingement and 
by radiation. It is reasonable to conclude therefore that 
if the particles have a different temperature from the 
gases, then the temperature observed by a suction 
pyrometer will be somewhere between the two although 
it is not at the moment possible to say quantitatively 
what it will be 

The venturi pneumatic pyrometer on the other hand 
records the change in density of a constant mass of gas 
flowing through two venturis in series at different tem 
peratures. The gas temperature so obtained is virtually 
independent of the presence of particles at a different 
temperature 

The response time of the suction pyrometer is about 
two minutes whereas that of the venturi pneumatic is 
almost instantaneous. This latter instrument therefore 
was able to show in almost all regions of the combustion 
zone that short-term few seconds) of 
+50 C were present 

Differences of 100 C in the mean temperature between 
the two instruments were apparent particularly within 


variations (a 
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Fig. 16——tsotherms in vertical plane of furnace axis (C) 


the zones of intense combustion but the differences were 
of the wrong sign to permit any qualitative explanation 
which would agree with the other data. Further work 
to compare these two instruments is being planned 
Flame Temperature, Radiation and Heat 
Fig. 16 shows isotherms in a vertical plane through the 
furnace axis. The cool flame centre and hot outer sheath 
are clearly seen as also is the flame lift after 4 meters 
The temperatures outside the main jet are higher above 
the flame than below because there is more recirculation 
above than below. These isotherms are based on many 
observations made with a suction pyrometer 
Measurements of flame temperature were also made 
by optical pyrometer viewing through the furnace doors 
These temperatures agree very closely with the maxima 


Transfer 


obtained in the nearside hot sheath with a suction 
pyrometer 
A grooved water-cooled target was slowly moved 


across the flame and the flame radiation between this 
and one wall was measured with a radiation pyrometer. 
The results of this show that until 3 meters from the 
burner the radiation originating from the nearside of 
the flame is as high as that due to the whole cross-section 
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his means that the local flame emissivity is so high that 
only the nearside of the flame makes any contribution to 
radiant heat transfer to the walls of the enclosures. It 
also means that within this zone any change in flame 
radiation properties must come as a result of changes in 
the temperature of the outer burning sheath 

Fig. 17 (a) shows the maximum narrow angle flame 
radiation to have its peak corresponding to the region 
of highest temperature in the hot sheath shown in Fig. 16 
Phe “Schmidt temperature,’’ or equivalent black body 
temperature 7° (max) shown in Fig. 17 (c) ts that tem 
perature at which a black body would radiate at the 
same rate at which the flame is radiating It is obtained 
radiation 


made by a radiation 


| 
R, a 


from measurements of 


pyrometer as 


7 { R, x R 
\ R R. + 

























where 
R, flame radiation measured with cold background 
R, flame radiation measured with a hot black-body 
background. In this case the furnace wall 
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Fig. 17—Radiation, (a), emissivity, (b), equivalent black-body temperature, (c) and wall 
temperatures, (d), at given distances from the burner 
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temperature oi e wall expressed as black 
body radiation 


a Stefan's constant 


It is in close agreement for centre part of the flame 
with the independent measurements of temperature made 
with an external optical pyrometer, and suction pyrom 
the hot flame sheath. After the the 
burning flame the emissivity drops and the above agree 


hold Che 
much higher than that 


eter in end of 


ments do not emissivity however remains 
gaseous and liquid-fuel flames 
ifter combustion has ct wing to the presence of 
the ash particles 

rhe flame 


of the furnace wall rises until 


radiation integrated over the whole height 
+4 meters from 
It is 
the integrated radiation and the longitudinal radiation 
flame to areas of wall not directly 


perpendicular to them which ¢ 


i distance of 
the burner as a result of the widening of the flame 
from sections of the 
ven out the wall tempera 
tures 

| 


in Fig. 17 (d) where the 


the same distance as 


Chis can be seen qualitatively 
maximum wall temperature is at 
the peak value of the 
Fig. 17 (a). 


height-integrated radiation of 


Conclusions 


sa picture of a pulverized-fuel 
flame, similar to that used in a cement kiln 

A concentric jet system with a slow 
rhe general flow 
recirculation 


Phis experiment provide 


lerodynamics a 
moving secondary stream was used 
patterns, concentration distributions and 
are of the same qualitative form as those obtained with 
a single enclosed jet in which the secondary stream fills 


the cross-section of the enclosurs 


b) The two streams join after about 45 primary burner 


diameters and, as far as velocity distributions are con 


cerned, they behave as a single stream with an angle of 
spread similar to, but slightly narrower than, a free jet 
After 45 diam the 
ticles increases linearly with distance until they are af 
fected by the walls 
trifugal force as in this case the whole jet was rotating 


angle of spread of the solid par 
rhis increase is possibly due to cen 


d) The use of radioactive krypton as a tracer gas for 
aerodynamic studies in burning flames is simple and 
effective 
ticular case for quantitative conclusions to be drawn 


Insufficient data were collected in this par 


On entering the furnace (with walls 
95 per cent of the 


Combustion. (a 
it 1300 C 
millisec 
residue disintegrates to smaller sizes and that in a de 
ficiency of air the volatiles will crack and produce soot 


volatiles are evolved in 50) 
During evolution there is a possibility that the 


b) The combustion of the volatile matter can be con 


sidered as taking place very rapidly so that the rate 
controlling process is the physical mixing of air and fuel 
by turbulent diffusion 

c) The combustion of the 
process. After 
the residue 
probably governed by 


a much slower 
than 10 per cent of 


residue 1s 
350 muillisec more 
Combustion hee is 
diffusion of 


combustion from the 


remains unburnt 


molecular oxygen 
towards and products of 
particle surface 

Flame Temperature, Radiat 
A pulverized-fuel flame 


away 


on and Heat Transfer a 


has an emissivity which ap 
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proaches unity for over half its length. This means that 
the gas temperature in the hot flame sheath and the 
Schmidt radiation temperature” are almost equal and 
are also almost equal to the temperature observed when 
using an optical pyrometer 
(6) As a consequence of the above, any changes in 
flame radiation properties must come as a result of 
changes in the temperature of the outer burning sheath 


Investigators 


rhe who assisted during the 
Combustion Mechanism trial were: M. Denis, M. Girar 
dot and M. Kissel, Institut de Recherches de Sidérurgie; 
M. Kilen and M. Maille, Stein et Roubaix; M. Or 
dener and M. Gailhbaud, Glaciéres de St. Gobain; 
M. Bouriot, Office Centrale de Chauffe Rationelle; Miss 
Baylis, Mr. Holland and Mr. Thurlow, British Coal 
Utilization Research Association: Mr. Mitchell, Univer 
sity of Leeds, Mr. Hislop, James Howden and Co., Ltd.; 
Mr. Peploe, Central Electricity Authority; Mr. Harms 
worth, British Petroleum Co., Ltd.; Dr. Roxborough, 
Petroleum Co., Ltd.; Mr. Hofstra, Mr. Kuyper 
ind Mr. Stemerding, Kon./Shell Amsterdam; Mr. Fer 
rell and Mr. Stanfield, Massachusetts Institute of Tech 
nology 


visiling investigators 
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ew Power Piping Plant 


Kellogg’s N 


$4-Million Manufacturing Facilities Uniquely Equipped to 





Undertake Any 


Now 
Pa., 


sion’s new plant is the most modern 


in production at Williamsport, 
the Kellogg Power Piping Divi- 


ever designed specifically to manufac- 
ture power piping for electric generat 
ing stations 

With these new facilities, Kellogg is 
equipped to undertake any steam-elec- 
tric or nuclear assignment with greater 


t ( and speed than 


of 


economy, 
10) 


power piping leadership 


"ency, 


ever before in its year history 


New equipment now in operation in- 


cludes the latest machinery, worth in 


of $1 
bending, and welding ferritic, at 


for machining, 


en- 


excess million, 


ist 
itic, stainless, and other materials into 
piping of any wall thickness 
Carefully planned manufacturing se- 
quences, on a production-line basis, as- 
DIVISION « J 
W 


A SUBSI AR} 


POWER PIPING 


Mant and Headquarter 


amspo 


Steam-Electric or Nuclear Assignment 


sure a smooth and uninterrupted flow 
of operations from one end of the 900-ft 
plant to the other. 

Testing equipment for quality con 


trol includes the latest in electron 


radiographic, and ultrasonic 


ances, 


ad 


Two special vaults with 30-in. 


permit safe inspection with Iridium 192 


and Cobalt 60. 


Completely equipped metallurgical 


and welding laboratories, continuall; 


working to improve materials and tec} 


niques, aid in solving new manufactur 


problems and are also available to 


ts as a service laboratory. 


Ssior 


Kellogg’s Power Piping Div 
, 


comes inquiries on its new tact 


to en- 


and extends a cordial invitatior 


gineers to inspect then personally. 


KELLOGG COMPANY 
Third Ave., New York, N.Y. 
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Now In Production at Williamsport 


New manufacturing plant and headquarters of Kellogg's P: situated on a 50-acre site at Williamsport, Pa. 











Shove: Welding is a major phase of Kellogg’ 
operation Here, two thin-walled sections of 
tainle teel power piping are being joined by 
K-Weld—an inert gas-shielded technique of arc 
welding, patented by Kellogg, which assurs 

long life 


exter 
ength of tl 
tings are cor 


storage by overhead rar anc Left Front entrance 
placed in the duct ¢ any ee ae . Kellogg's new Headquarter 
point in fact . ;, Building. This ultramodern 
sequence 

Left: One of tl 


Williamsport 


office building houses admin 
istrative, engineering, esti- 
mating, and accounting de 
a stainless sté« partments of the Power 
Piping Division. Sales office 
: : remain at 711 Third Avenue, 
a nuclear pows tatior Pegs New York. N.Y 


stalled by 





specialists 
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Twenty First Annual Water Conference 


HE Twenty First Annual Water Conference 


sored by the Engineers’ Society of Western Pennsy] 


spon 


vania scheduled for October 24-26, 1960, was held 


at its usual site, the Penn-Sheraton in Pittsburgh \t 
tendance was very close to 600, the highest in some vears 
A very enjoyable “get together’’ party was employed to 
salute this highly regarded annual affair 
sent abstracts of the papers we hold to be of interest to 


the COMBUSTION reader 


Jelow we pre 


lon Exchange 


The Mechanical lon Exchange 

was the opening paper by Paul H. Caskey, Illinois Water 
lreatment Co Che remarkable 
said Mr. Caskey, in ce 
It has similarly been giving considerabk 
tanks 


instruments 


ay velopme nt ofl 


industry has mace 


strides, veloping the resins 
ittention to the 


new developments in components linings, dis 


piping, 
It has been careful not to go o 


tribution, valves, ind controls 


verboard for something 
new just because it is new but it has been open-minded 
they were new 
tandardized 
handle the 


flow 


and not turned things down just because 
The tanks, of 


They are 


pretty well 
sole t on 


specitied 


course ire 


vertical, cylindrical ve 


required volume of resin and permit 


rate. Both resin volumes and flow rates have increased 


markedly Resin beds of six feet depth are common 


flow rates of eight to ten gpm and even higher 
cent of the 


code specifications 


with 


Ninety per tanks into utilities meet 


yong 
lank linings are mostly g-l ulcanized sheet rubber 
ind the 
PVC 1s at least as good, with the other plastics promising 


1uthor's company expresses a feeling that sheet 


good results when their application is perfected Che 


been stainless steel and 


ilso the idly 


nuclear units have specifying 


and intages of a correctly 


their 


because of cost 


lined carbon steel ipplication to general ion ex 


change service does not seem warranted in the author's 
view 

The three 
lateral, 


have 


commonly used distribution systems 


hub and 


iivantages and 


full area 
But 


header radial lateral and 


screen ill disadvantages 
with proper design all will work well 
anthracite 


Che support bed, usually either quartz or 


has been undergoing some investigation The fear of 
silica pick-up from quartz brought 
But anthracite, 


‘generants and 


ibout a heavy in 


terest in anthraert« with a tendency 


to retain caustic re require a prolonged 


rinse record, is not overly satisfactory The author's 
people have felt quartz gives no more 
confirmed this feeling in large, 
scale equipment The Detroit Edison Co 
Chemical Co. have both inthracite 
quartz in large amion exchangers—the 


and both report improved rinse char 


silica than anthra 

full 
Dow 
with 


four 12 


cite and tests have 
and 
repl iced 
latter in 
ft 6 in. columns 


acteristics and no appreciable increase in silica 
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Ived with plastics develop 


for the start 
ind less the in 


iterials have eve 
steel 


Piping m 
Rubber 
for larger sizes but for piping 2-in. I.D 


ment lined has been used 


dustry has used a succession of plastics as newer, better 


ones became available Che larger pipes have seen the 
Penton lined units for 


PVC 


introduction of Saran lined steel 


higher glass lined, solid and a host 

of others 
Valves have 

accepted Saunders valve 


ball vals 


of stainless steel valves 


temperature, 


similarly undergone some explorations 


rhe long is being challenged 


by pinch valves and es with some limited use 


Resin removal and regeneration in external beds, first 
employed by Rohm & Haas in the early development of 
K:ditor's Note See the 
this 


monobeds, 1s being revived 


Calise, Spillane paper following the discussion on 
paper 
\utomat 
i third of those 
per cent of those 100 gpm 
that 


Instrumentation to 


considerably \] 
and 90 
Vet 


war 


plants have increased 


systems of 25 gpm or more 


iutomati« 


most 
or larger are 
ittention 1S 


the Spe iker felt some operator 


ranted 1 large measure goes hand 


in hand with automatior The more automatic the 


plant the more instrumentation and the instrumentatiot 


should include considerable recorder units 


M. M. Baker, Commonwealth Edison, shared his 
with A. B. Sisson of th 
that 
idded to gyre 


maintenance 


discussion Sarin 
They felt 


trols have 


compan 
solid Stats 


ind reduced pre 


items like sealed relays 


iter rehability 
ventive 

lanks are 
rhe linings are often badly 
Their mechanical 
Should be that 
Opening 


something i problem in an erection job 


ibused while installing inter 
design, in these discussors 


installed 


in exchanger to 


nals 
thev can be 
effect 


VIEWS, such once 


forgotten ind loading 
repairs is too costly an operation 
The hydraulics of 


thought should be 


inother area where 
High head losses 


must 


distribution ts 
much more given 
with respect to increased power costs for pumping 
be carefully evaluated 

As for piping material the authors ar 
porters of Saran lining Valving, 


Che double diaphragm type 


strong sup 


they believe, 1s a sub 


ject for a full sessior alve 
they find has a very important advantage in a built-in leak 
that 


\ ilve 


detector makes trouble shooting much easier 


Saunders operators seem tempermental and with 


automation the valve operators must be designed to 


fail safe 


H. A. Klein, Combustion Engineering, Inc., in his 
discussion pointed out that a detonizer is a unique piece 
of equipment in the power plant employing hazardous 
chemicals with which the average plant operator is not 


acquainted. Special efforts in the way of education must 
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with internal cond 
made until nuclear 
through boilers were 
emplo 


American Electric Pow 
Philadelphia Electric ( 


tions now 


ind ind 
Lake Station, I 

In the abo 
results have 
lensate purifi 
r cent 


flow In 


regenerated, | ded by cel 


for 2 to 4 gpm per cu ft fl 
in turn, were 
per sq it 
these installatior 
To make th 
enced generall 
necessary to ma 
for subcritical 
i cost figure wel 
In 195S Baltimore 
(Hn) per 
subecrit 


connection with 


sea water for condenser 
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the automat 


D. M. Spillane, Graver Water ( 


the Design of 


not be justified 


ibly consistent The 


ul 


Electric Ce 


cent ondensat 


it should be axiomatu 


controls will 


sunday with the company's 


Che operator should 

the deionizer manually 
int feed system 1s down 
Mr. Klein be 


educate 


generation 
or an operator to 


olved in the detoniza 


ond 
Phe Place of 
High Rate 
iuthors ex 


i paper 


tems Phe 
eld that the 
much attention on the 
had overlooked the 


central 


much 
unination from the cor 
internal cycle corrosion 
xcept by condensate or 
ind demineralization 


the authors’ opiniot 


involve | in eco 


will 
ivenging plant working 
purities from this cyck 
ypper 
f ‘‘zero solids treatment 


hangers in place ol ce 


ne for protection of steel 


thinking the extraordi 


erable cost with deminer 
when cor 
osion truly control boiler 
tlability Che European 


this situation more gen 


scavenging of a sort 
ittempt to design cycle 
ication equipment was 
ind supercritical, once 
in the U. S The sta 
scavenging are the 
Unit 6, the 
Station, Units 


iting Co. Avor 


Station 
tone 
Mlurmin 
design and operating 
con 
designed for between 
total 


were 


wert 


t of the condensate 


mineralizers in-place 


lose pre-coat filters designed 
rates rhe demineralizers, 
low rates of 15 to 25 gpm 


‘ 


e of equipment costs tor 
OO per kw 
it these stations experi 


he utility industry it was 


ompetitive and economi 
hence at 


cited above 


team plants ind 
»>Z per kw 
contracted for a 
urification installation in 
mee through boiler using 
Its equipment costs 


1960 


ran $2.25 per kw rhe one promising approach to 


iuthors’ minds to be 


loweri! g these costs seemed to the 


the use of external regeneration of the ion exchange 


nixed bed resins by withdrawal of exhausted resin beds 
from the units to a separate outside regenerating facility 
When the Litth Station of the 
Power & Light Co. came illed for 
Mississippi: River, clarified and 


Gypsy Louisiana 
i makeup 


filtered 


anion 


ilong they « 
water from the 
train cation 


cost of 


prior to demineralization in a dual 


unit with mixed bed polishers Phe this equip 
ment was 


This 
Che cost for 


ibout 60 cents per kw 
was looked it tor 
filtration 
100 per cent condensate 


unit condensate scavenging 


and demineralization equipment 


sized for treatment (while all 


units are in service) meant an expenditure of about 50 


cents per kw secause of the internal purification 


original 


Further 


the polishing mixed bed demineralizers on the 


makeup demineralizer could be eliminated 


when the decision was made to go to condensate sca 


original makeup demineralizer was revised 
built, 


reduced the 


enging the 
train to a simple 
bed 


makeup equipment 


from a dual 


packaged pre 
Phis 


Irom its 


single-train two demineralizer 


cost of the 
timated 60 cents per kw down to 40 cents per kw giving 


original es 


i differential between the original choice and the 100 


ver cent condensate scavenging arrangement (50 cents 


plus 40 cents) of 30 cents a kw 

The authors pointed out that Little Gypsy 1 
the Balti 
Litth 


which can be 


using a 
igainst 


Further 


low dissolved solids cooling water as 
more Gas and Electric Co.'s seawater 

installation 
that 


system 


(aypsy i boiler 


i drum-type 


blown down in an emergency so complete de 


pendence on the demineralization 


hold for Litth 


Sue h iS 


fJaltimore needs does not (sypsy Phis 


was considered in the design 
Southern California Edison Co. has purchased for its 
systems 


through boiler using sea 


Huntington | 


two subcritical, once 


water for condenser cooling at jeach a 


scavenging plant which can handle 
from either Unit 3 or 4 
time The 


single, condensate 


| cent of the 
cent of 


condensate 
both 


cost including 


or SO per units at the same 


equipment iutomatic controls 1s about 
per kw 
IVA for its 


to 100 per cent condensate purification systems im luding 


Ycents 


Paradise and installations have gone 
regenerated ce 
condenser for each of 


cost for the 


and externally 


from the 


filtration equipment 


mineralizers he flow 
the 600 Mw units is 6900 gpm Phe con 
densate scavenging equipment is 50 cents per kw 

Mr. Calise and Mr. Spillane then 


operating advantages of this system 


discussed the 


Rohm & 
Performance of a 
Cation Exchange 
stability 
Amberlite 
of the sulfon 


Donald G. Downing and Robert Kunin, 
Haas Co., took up the subject “The 
New Highly Stable Sulfonic Acid 
Resin This paper described the 
erating characteristics of a 
which is said to be highly 

Data 


and op 
200) 
cation 


new 
stable, 
were 


resin 


exchange demonstrating 
that this attack, 
osmotic shock, and physical attrition than any of the 
currently available 
difference in 


type presented 


resin 18 more resistant to oxidative 


standard cation exchange resins 


There 
degradation rates between the new resin and the 


were findings advanced on the 


stand 
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irc] re in treating tron bearing water Operatu 
results from large size commercial installatior have 
confirmed the resin's stability and normal capaciti 
that the laboratory tests had indicated 

L. F. Wirth, Jr., N ilce \ rhe ical ¢ 1 cu img the 
ippheation of resins and the field check n thei erat 
il characteristi« remarked that isture ntent 

innot be reliably used for « parisol f degradatx 
vith thy new produc ill tvrem | 1 iy zeme 
catron resim tested by Ir Wirth rout vere iffecte 

ularly by oxidizu went chlor resent 1 
gnificant amount ust be re é with sulfur 

ide or sodium sulfite to obtain optumum demineralizer 
erTio}# € ana re rn Inf 

Donald E. Voyes, Duke Power ¢ ubmitted 
liscussion on this paper by reciti ome of his « ul 
experiences with the new resi Prior to installing the 

resi 1) gpm mixed bed unit carrvi ther 
resi ind operati i filters river water tree ta 
fi t organic content t ustnal waste erated 
er poorl with a histor i hort resi Inte Tho 
ttert Wi tvme il of the ‘ ‘ re ear 
expenence with demineralizet t three flerent | 
laty i! lving two separate er 
By physically breaki the re rt the 
could restore ca itv to the on re Further 
it was clear that the tion w it lved in ti foul; 
because new I restore ( rot ” t 
0 operating evcles whe ” ' . =? 
LIS¢ cat but would ‘ t t t T 
evel whe used witl ev t | cw 
re ercame thy pletel t , f 
t;)) treo h ethr 
Warm River Waters 

| é ‘ ted t ‘ vaters H. F. Hatfield, 
re lvamia Power & Light ¢ cusst the recentl 
harge flender thermal \“ te Hi ct Lhe 
iffect f the Discharge f Wart Vater t River 
is the s« d paper cor t robl which 
ve have heard within a week peri Che earher ‘ 
was presented by L. W. Cadwallader, Pot Electri 
Power (¢ before the Southeastern Electric Exchange 
in Washingt« 1). ¢ (ictober U0 wit) 

Sines 056, Mr. Hattfiel tate Lehigh Universit 
Institute Researe ! rene | research o1 
tre Delaw ire Ri eT eu}; \I rt \ Trees Pp the 
eTlects 1 muats hte resultu it watet charge 
from the Marti Creek Pla é é | 
Power & Light ¢ The Ly ware t kably clea 
trea that the res t I eT ! el be 
clearly distinguished fr those t org ‘ r chemical 
’ utior Changes in ge f f f stre 
flow used temperature conditror coul iffect the 
results and more dat ust be llected before definite 
cdlectst can be cle rive ral 

Corrosion 

M. C. Bloom, consultant with the | SN Re 

search Laboratory, opened the prograt with his paper 


\ Survey of Steel Corrosion Mechanisms 
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Stea Power ( »< erat [he ' , ‘ ‘ f 
MS t the rect Bb] 1 epirite ut iS that ter ' 
etal ire ther ill ' table i ‘ 
with water or air a their usefulne in steam gener 
ting ss) te epet l upol their capacit t tor 
protective fil With this as a starter the auth 
listed in tabular for the corrosion pr ts of wu 
These were the sect r me b me ter {t ther 
peal A' . re rl that is it Tro te erature 
t boiler te erature their ‘ 
ittendant robl ( wasure ther tr 
Che author tigati f corrosi reve 
nu vr of interest clusions ( erable work 
was Carri it r ¢ le the flue r f H{ 
cCorros! i the b Berl ar | h t 5 
checke if { ti lroge! etlusi tech ut 
Witt tat ste rise 1 HI proug t mou 
rise im corrosi rat Ir Westing use report 
experiment thie iuthor drew the cl hat 
high velocit ‘ the ther Ilka itior 
t H I ut veneficial a further, that the 
protectior i tl fi] cre ‘ with t F t g H 
his last findi t true with a low H Che 
hibition of mcentrate stu tte ' lit 
hydroxide b iit I hosphate ! t te M 
lente well t t iu late Ikal 
i 1 f wie te 
| ery uch the ime wv the author S4 the 
l worator urvée tiie le I t he h T Kicle thie 
hlorice the ph < trie i it non roge 
( the it n of the etite f 
Of the « it rt t uct nown t for t 
the corrosi 1 ste ueou vst t ( 
ing the inel structure uch Fe. ré bl 
forming ilherent rotect ( fil The eloy 
ent | inte ‘ the t roble ‘ 
teel f te — ‘ 

P. D. Miller, Battell ( rial I: tut ente 
Dr. Bloon statement that carb ter rrosi 
creases in the pH range t vould be of interest 

t both research ‘ tats erator He 
ent a) e shght ‘ ‘ ept le lue 
lubility product H 
D. L. Douglas, General Electric Ci it earlie 

work he il | Zy es had been 1 rive whi h le t thie 
lusv that addit s of sodiu hvdroxide t pH 

f 1; t reduce the rrosi rate of u below t t 

ibserve 1 if 176 xvVaore ire wate t (in) | 

Dhese fit ly os « t \ir 1) gl 5 1 

that ll treatment t boiler wat wit Iditive t 

raise the pH shoul ease All it mea that we have 
veetter 1 erst du G thie real tl ct i suctl 
treatment Increasi the H is probably effective i 
reventing the breal wi f alrea I ( rotective 
filt luri exposure t r dur tf bouler 
shutdow 

Paul Cohen, Westinghouse Electric ¢ felt Dr 
Bloom's paper was one of the best reviews of this sul 


He 


limited 


n products from tl 


his com 


( 


net 


corrosion film to the water 
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incorporatior I wat rne corrosion products i! 


growing corrosiot lt It is the combination of 
tor the fact that 


er-cooled 


onsible 
nuclear power 
become radioacti ‘ 
H. A. Cataldi, G tric Co 


the measure t re ‘ iled bi 


raised the 
Bloon 
if hing 


d others 


cal 


Dr 


ded te teal t tell ppro 


Bloom art 


Studies 


peratures 


OOO F Ir 


Further, he | that 


HkKe fii asi 


protect 


wor 


4 


-. i 


uckorius, 


the t ‘ 


perating corrosiot 


ley 
ucer 


equipment re 
the 


prepare 
1 Further 
satisfactoril 
il it 


the traditional 


ventually the 
new product 


iluations wa 


the 
is a definite 


metal 


repeated 


tate 

need 
Suriace 

was mac 


bundles 


Mr 
itment 


blue which 
pretre 
units were thet mb] put or 


Phe Systen 


the line 
ulures, balky 
r went tron 
high 


nre 


During the 
phosph ite 


the, 


anticipated 


at the pH 


least some of 


he water low 


that at 


the prefilm w Upon inspection there 


was very little evi I I ttl tvpe corrosion 


* } I 
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L. F. Probst, Betz Laboratories, In 


information that pretreatment can be apphed to corroded 


introduced the 
surtaces and that the most effective 
the pretreatment 
ie chemicals that 


ireas as well as cl if 


obtained when chemicals 


he 


results are 


San are used from day t 


lormal corrosion control progran 


Chemical Cleaning 


The 


nel 
illic: ¢ 


the 
cle 
to present his phase 

id-off man of the session, S. F. Whirl, Duquesne 


is the chairman, defined the problem 


highlight of first 


ining 


ilternoon 
| n chemical with ich 
twent 
The le 
Light Cs 
\s 


not 


ninutes 


icting 


he pointed out, the ft chemical cleaning 1 


the 
ind 


problem 
but how to I 

illows 
which could result in tube 
costs 


whether to to clean 


to collect 


uilure entire 


boiler system contaminants form 
burnouts and costly, 


efficient 


cle posit 


maintenance Outage i highly boiler 


high as 830.000 a day 


bor 


unit today can run as 


A. A. Pace, Duquesne 
the 


ind 


ted the 
today 
the 
the 


ol 


Light Co., lis 


utility indu 
ck 


COMM ot 


practices of publi try namel 
chemical 

trong alkaline 

1) alk 
pressure té 

the methods 


confined his remarks to 


manual ming of condensate 


boiout ol boiler 
the 


main te 


conditioning boiler 
ol the 


employed for chemical 


ilinve 


im blowout im 
cleaning 
ste p 
Mr 


inmimg ol 


Pace iw them, for 


the 


primary objectives, as 
ind alkaline 

cvcles 

protective 

mill se 

lubricants used 


these 


new boiler ind 


iré to remove construction debri 


coatings i unst 
ile nd 


during 


‘ itmospher 
water soluble and 
\To 
brushing 

the 


solvent, 


ipomih ible 


construction accomplish 


manual wiping and used to 
debris 
ilk alime 


o remove oil, grease 


ind 


coe ible yreas 
Mt le« te ad 


tem 1 
with a temperature 
ind protective coating 
flushing is 


i high pressure 


iste 


ipphied to carry 
ha 
with 


ids to w Prisodium phosphate been 


the pe iker company tor years l 


results 
Of equal importance, in Mr. Pace opinion, to the 
solv to have sufficient 


pacity to move loose particular matter to wast 


proper alkaline ent 1s pump 


then described for the Con 


t uriit 


\ typical procedure was 


s Phillips Station, No 


pany 


R. L. Garner, Arizona Publi 
his t ill Ar | the L' se ot 
lor The 


plant, wa 


Service Co., followed with 


xperience i Amines 


Filming 
Feedwater System Cleaning 
ided 


with filming 


Saguaro Station 
clected the 


ise it wa 


essentially i base lo for 


work bec 
that 


would be necessary 


experimental imine 


inticipated soon considerable standby 


operation 


| 
the boiler 
idenser hotwell to permit complete recirculation 

the the 
It wa the 
() amine 


Piping of S in. was installed from 
to the cor 
of the 


economizer 


drum 


filming through heater 
hotwell 
relatively high concentration of 


it ISO J 


itrjinie 


ind the 


system, 
decided to use 
ppm of the 
cleaning solution and recirculate for a 

The pH of the 


Stotiiff 


for the 


four-day period circulating solution 


ined from 5 
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drained 
hotwell 


the » 


the four-day tems 


( onside T ible 


After 
and 


perod wert 


material from the 


Filming seemed complet nantling in 


disclosed 
built 
the 


ilong 


of oxide and filming 
The LtTie 


part ol 


recirculation line 
that had 
was observed on 
rhis, 
was removed from « 

As. Mr 
Public Service ¢ 
recirculation 


amine ti builduy 
hot 


sludge 


up 


insicl uctural the 


well with two wheelbarrow rf 


ich hotwell 
Arizona 


four-day 


1, the ] tl 


result | 
that i 


(,arner reportes 


<periment md ited 


t 
period 


usiny 0 aecviamine was not 


suitable for a syst that dy has the normal 


Mm 
amount of metallic oxides 
Reduction heat 
of the but 


pressure 


Irot ' S$ operation 
ill 
+} 


in transter w noticeable on parts 


ler on lower 


schedule 
will be 


continued 
Apparently 
cleaning of the low | 
It will be 


initial operation 


System 


lor 1M 


heater 
he 


to s 1 tilt ny System 


riod yressure neces 


Sary interesting 


before would condi 


tion 


L. E. Astrand, 


Switzerland, presented it paper o1 


Pre 


Zurich 


Experi 


Borg Service International 


European 
Cle 


ence on ¢ omple te Power Station 


the 


service 


ining 


In his papet wthor stated 


WwW 
New 


boilers is now tandard practice 


have higher 
of 
i 1d ch 


ili 


inhibitors permitted 


~t 


neutralizing ’ ’ ivation proce 


application ’ ; 
of mill 


alter ining give ree 
i but 
Lhe 


well l 


ind 
film 


feed cyve le 


scale possessed 


the 


erating 


netite pressure complet 


iS the 1! vel ire 
iS a growing on 
l 


chlor 


common cleaning aget s inhibited hvdr 


le most 


icid, but for those units operating above 1000 F 


with austenitic steels sulfuri r citric a ve beet 


preferred \ special circulating needed for 


sections 
ASMI 


on i 


iter 
it the 


some boilers and rehe 
H. G. Heitmann will give a detail paper 
Annual Meeting New \ 


once-through boiler unit that 


extra pumps 


in vember 
its feedwater 


wid cleaning 


pumps for the 


Supercritical Plant 


H. J. Vyhnalek and C. D. Banks, Ck 


Illuminating Co., 1 


Electr 
presenting the 
Water Treatment Experience During the 
the Avon Supercriti 


these m 


veland 
woled their energies i 
paper startup 
il | 


of 


and Initial Operation of nit 


Experience indicated bor water 


sources 


contamination condenser leakage or weepage 
(2) miscellaneous 


(4 of 
inate 


drains ) 


the 


wuxihary makeup water, 


cvel lo 


ensate bypass purification system was 


materials within elim 


i cond 


Chis 


reservoirs but rather has the by; 


corrosion 
them 
devised system employs traditional storage 
iss liberall designed to 
give in effect “dynam 


The 


protection 


Storage 


ire the system 


following functions 
of the 


tube weepage or 


evele fror mtamimation due to 


condenser rupture a means 


nd muscellaneous drains 
the 
The condensate 


filters 


of polishing makeup water a 


3) removal of corrosion products from cycle, (4 


a cleansing of the cycle during startuy 


bypass loop consists of two vat-ty with 


- 


prece 


pM 


50 


wedge wire elements, followed by three 10 ft 


irtridge 


h ind] 


lemineralizers each with its 
effluent filter rhis 
00 per cent of condensate flow 

Phe 


which 


mixed-bed ¢ own ¢ 


typ section was sized to 


it full turbine load 
showe d in the 
! 


livided into compartmen 


iuthors illustration of 


the condenser 1s « 
monit 1 by cid exchanged conductances ind 
3o that they « ill be fed 


major contamination or a tube rupture 


ret nel 


in to the cleanup loop in « 
cle 
that sy 
considerable it the 


his 


\ rather detailed desx nption ol the chemical 
inced It found 


still 


prior 


findings were adv was 


contamunatior onset 


cvVvie le 


the 


was 


circulation to operation meant 


ig cleanup « 
cleat 
filter oj 
Reduction of suspended matter, which constituted th 
bulk of the filte 
periormance matter w 
carned 


evel 


Phe 


of de 


purihcation system rate ol uy 


largely a function mineralizer pre 


contam 
| he 
ion exchange 


rate of flow 


mation was dependent mn 
ol 


ind 


lowering dissolved 
its control was estab 


the filters 


out by 
by 


demineralizers 


lished the through t; t] 


| 1 
Dat 


During this period the pre-filters plugged uy 
made to 


wTOss 


ind subsequent attempts were 
filter by different 
initial differential 
0 Ib, and even with 


less than half 


improve 
way t contras 
them high 
differential of 70 Il 
in hour in length before 
latest, cle 


initial pressure 


pre materials 
the 


>to 


pressure was 


i pressure 


runs were precoa 


ing W necessary Using the in elements f¢ 


1S 
lune 4 O60 


to 


Startup the 
lb ind 
960, filter runs were If 
In n 


mayor 


drop was tw 


tour first ibout six hours J ure 


runs 
20 hr 


the 


to 


the sare ein iuthors dug into 


of 
operating 


! 
condensate by} 


iuch 


elements the water treatment system 


givi 


One highlight w 
inup cost During operation 
and M iv 0D 
through the 


total fee 


results and 
the 


between 


expenences 
iss cle 


January 26, 1960 960, 1¢ 


gallons of water went purification systen 


This was 44 per cent of the dwater flow 


chemical cost of this cleaning was cents per thousand 


ot Che 


bre m these fi 


iuthors pro. “da tabular 


} 


the y V Of 


gallons bypassed 


| Based « 


ikdown gure eratin 


costs would be $700 
The 
operation 


total 


the filter 
half tl 
filter . rut 
runs aré 


overwhelming factor of the cost was 


filter 
| posthilter 


ibout 
third 
As 
Simultaneously 
Another 


Startups 


costs ran one le 


Pre 


arn about one Pre 


iveraged only about eight hours these 


lengthened costs should go down is 
the cycle 1s cleaned postfilter costs will drop 
ibnormal factor that increased costs was the six 


in this period 


S. B. Applebaum, Cochrane Corp., saluted the authors 
ind their company for sharing their startup experiences 

He confined his « its to lessons 
he felt Applebaum 
through item by the 
plification of the makeup plant by omitting polishing 


secondary units as one of the savings possible with cor 


ommet! 
Mr 


Points such 


with the industry 


were already apparent These 


went item sim 


is 


scavenging demuneralizers were mentioned 
of 


it the various elevations in the demineralizer 


densate 


nother was the use 1 complete collector system for 


each pre »be 


bed to monitor conductivity rise and anticipate silica 


breakthrough which is a most valuable operating tool 
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6 in. dian 


that 


lepended solely upon the bypass 


eration 


T 


the 


T 


T 


2 million 


kk tu il 





The best result expe;rience with the le ist mauntet 


for the dilution tem of 


oted 


ines 


in-line 


confined his 


Don F. Aspach, R. P. Adams Co., Inc 
liscussion to the prefilter He pointed out that the 
design of the precoat filters used at 


i prototype 


Avon was based on 
filter 
te used for the pilot test 


28 weeks of pilot testir precoat 
it the station Phe 
was from the old stear tem at Avon and not from a 
upercritical boiler 

difficulties 


study and 


(nce im opera xpected some 


would develop ulties are under 
been suggested Che pre 
and Mr 


fibrous filter aid 


ilready 
filter 


re port 


improv 
photographs in Mr. Vyhi 
illustrate how the 
lodged Ol i 11S! T 

Pube foulin n the 
attributed 


ialek's Banks 


| bore side of each filter 
filtered 
per backwash procedure or 


liquid At Avon 


hould not be 


eCaine 
lement water side can 
only be 

contaminated it 1s now 
obvious that the 
velop the compressed air head in the upper dome oi the 
The iuthor taken steps 
toward a different procedurs 

Today with Nerofil filte: 
30 hr Prefilters 


of S hr to 


used to de 


filter unit mpany has 


| cycles have increased to 


ibout e fluctuated from an operat 


ing time about 30 hr from June until August 


\, the last reading indicating a closer link to system op 


pIssOL VED OXYGENS 
AND 

prssOL VED HYDROGEN 

ANALYZERS 


for Stace Generar’ 


gen dissolved in bo 
ntrained ir 
sary to prevent 

=0N The Cambr 
olved oxygen direct 
ire of the oxygen set fre 


ge Instruments are available 


eparately or simultaneous 
Send for Bulletin 148-BP 
CAMBRIDGE INSTRUMENT CO., INC. 
1618 Grayber Bidg., 420 Lexington Ave., New York 17 


PIONEER MANUFACTURERS OF PRECISION INSTRUMENTS 
Fi SEE US AT THE POWER SHOW, BOOTH 471-473 
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regeneration was also 


eration rather than filter problems Studies are undet 


way now to see if the supercritical condensate 1s in 


troducing variables not present in the pilot plant study 


| 


condensate 


Nuclear Water Cleaning 


Cleaning of Boiling Water 
System at the 


The subject “Chemical 

Reactor and Steam-Water 
Nuclear Station’ made the paper presented by 
R. J. Kremer, Solvent Service, Inc., A. B. Sisson, Com 
monwealth Edison Co., R. C. Reid, General Electric 
Co., and M. F. Obrecht, Michigan State Univ 


which included 


Dresden 


Power 


rhe primary steam generating circuit 


the reactor vessel, secondary steam generating circuit, 


feedwater systems, main con 


piping 


primary and secondary 


denser, and all associated steam and feedwater 


were felt in need of chemical cleaning 


The primary steam generating circuit was cleaned to 


eliminate suspended materials which could become ac 


tivated and cause maintenance problems Phe primary 


feedwater system was cleaned to prevent corrosion prod 


ucts from reaching the reactor The cleaning of the 


secondary feedwater system, secondary steam generating 


system, extraction steam system and condenser was not 


considered as critical as the reactor components, for 


ill condensate flowing to the primary feedwater pumps 


passed through the condensate demineralizes Phese 


systems were cleaned to reduce demineralizer load 


UNEXPECTED 
BOILER TUBE 
FAILURES 


STO 


This instrument for locating and measuring scale in water woll 
boiler tubes can help you to attain a higher level of mainte- 


nance while reducing your ovtage costs. It is invaluable in 
locating pitted and eroded tubes prior to their failure, thus 
eliminating costly unscheduled shutdowns. It reads scale 
thickness directly in thousandths of an inch. Write today for 
information on the TURNER SCALE THICKNESS INDICATOR 


HASKINS-TURNER COMPANY 
1927 PARKWOOD WAY JACKSON, MICHIGAN 








By IGOR J. KARASSIK* 


Worthington Corp. 


The boiler feed pump and its associated equipment 
represent a major operating and maintenance con- 
sideration in today’s power plant. Here we run in 
question and answer form a series of clinic sessions 
on various boiler feed pump problems. The replies 
are the work of one of the topmost pump authorities 
and give specific information which we hope will 


prove valuable to our readers. 


Steam Power Plant Clinic—Part XXI 


(JUESTION 


Do you recommend as a sat icl lrrangement the use 


of two nals ca pat ho lerd { 1] which one would 


De ope raled al constant speed and the econd one i mareabdle 


peed by means of econd 
pump would then take up th ud tuation d the 


ime spare rotor ( j LDle¢ ! a ] wing for 


the 


\NSWER 


such installations have been 
to work, Fig. | 
such a set 


cost ot the 


I understand that a few 


made and, of course, they can be made 


Nevertheless, I am definitely not in favor of 
initial 


up The 


Savings correspond to the 


variable speed device Against this we must weigh a 


system still requires 
a feedwater regulator and its cost and 
this 


venly 


number of unfavorable factors. The 
the use ol main 


must be charged against irrangement 
al flow 


incl the 


tenance 
The to 


two 


will not be split up « between the 


variable speed driven pump will 
a much lesser portion of the load than the 
Thus latter 


of its best efficiens v, the \ 


pumps 
ilways carry 
constant speed pum] while thi will be 
iriable 
than it 


i result 


operating im the 


| range 


will operate at lower ethciencies 


load to be | | ou . \s 


will never bx | I 1 tn vaniabl 


speed pump 


would were the 


full adv intage speed 


operation 


The speed pump will op t approximately 


>to 3 nt lower speed than the constant speed 


} 


pump because of the slip in the hydraulic coupling 


If a spare rotor is purchased and if both 


pulps ire 


provided with the peller l meter the iriable 


| Same in 


curve it 
This 
load 


introduce 


speed pump will have head-capacity 


its rated speed than the nstant speed pump 


would further aggravate the poor distribution of 


between the two pumps It would also 


difficulties in starting up th iriable speed ‘pump 


constant speed pump \ unning alone 


whenever the 


it very low flows, since the variable speed pump could 
not develop sufficient pressure to lift its check valve 

As a should be 
develop curves 
rated full 


speed pump to be built with impellers 


result, the two pumps designed to 


identical head capacity each at its 


require the variable 


2 and 


larger than the constant speed pump. The 


own speed This would 


) per cent 
should 


Same 


be true of the spare rotor which must be capable of 


design head and capacity regardless of 
with it It, 
diameter impellers, it 
produce from 4 to 6 per cent more head if placed into the 

ilternative 1s to cut these 
his adds to the cost 


longe suitable for us¢ 


developing the 


which pump is to be rebuilt then, the 


spare rotor has maximum will 
constant speed pump. The 
impellers when so using the rotor 


ind time and renders the rotor no 
with the variable speed pump 


All in all, 


irrangement If vs 


justification for this 


speed drive cal be 


both 


methods cannot 


I can see no sufficient 
justified, it 
If load 


two 


itl ible 


will generally be justifiable for 


conditions and ev 


pumps 


iluation justily 


hydraulic couplings, putting in only one seems to be a 


wasteful and complicated compromuse 


2 PUMPS, ONE CONSTAN 
SPEEO 26D ON 
— VAMABLE SPEED 
= t UNPS IN Pama, “ 


-_7 


TH 2 PUMPS 


MAK FLOW © 


Fig. 1—Operation of two B. F. pumps in paraliel, one at constant speed and 


one at variable speed 


November 1960 COMBUSTION 





)UESTION 


j ; ; ; ; ; ; 
/ would itR ) 1v¢ our Oo 110nh in connection with th 
until at iignt loads of th 


ration of 
ler of 10 


ght and over week end 
i po without incurr ng seriou 
trouble 1 boiler feed pumt 

econoniica reaso 


1} 
aole 


would vou 


DCA 


recommend a con [ iidown or would you run 


10) per cent load’ 1 ou recommend the latter. 


procedure 


. A f 


Vou pita 


mmarantec 


ANSWER 


team power plant, we can classify 


When we look at a 
the equipment it inclu 
2), identified by the three 


t three as in 


basic functions which these 


major groups 


Fig 


groups perform in the plant Phese are 


Ihe Steam Gener ng Group 
Phe Electric 


The Fluid H 


gy sroup 


up 


condenser, circulating 


his third 
pumps, condensate 


group 
icuum producing equip 
ment (ejectors or \ im) pumps), the deaerating heater 
and the boiler feed pumy Frankly speaking, the de 
shut a unit down each night and on 
week ends o1 cent load does not hinge 


on the problems that aris load 
in connection with the Fluid Handling Group equipment, 
ic considerations and practical 


cision on whether to 


t 10 pet 


to run it | 


low operation 


Irom 


but rather on the econor 
problems of frequent shut 
the 


lowns and restarts in the Steam 
| lectri 
iently well versed in all the 


st two groups, but I have 


Generating Group and Generating Group 


I do not profess to be suffi 
problems that affect these 
that 
reasons against 


tion of a utility is 


power pl perators have very sound 


shutd The 
d tilability 


no doubt 


such major considera 


the 11) 


rea of such an 


STEAM GENERATING GROUP 


portant block of power as 125,000 kw As a matter ol 


tact, 1t 1s exactly when a system has a large hydroelectric 

component that a number of steam units in the systen 

may be kept running at extremely low loads, not only at 

night but sometimes around the clock, on what is called 
spinning reserve 

\ second consideration, of course, 

of serious corrosion problems which would be encountered 


in the major pieces of equipment if the unit were to b 


is the decided risk 


shut down so frequently 

\s far as the Fluid Handling Groups equipment is con 
cerned, there are several specific areas which require care 
ful attention during extended light load operation 


must be re 


First, with regards to the condenser, 1t 
membered that it will not provide as good deaeration a 
it does at higher loads Phere several factors which 


contribute to this reduced efficacy in deaerating the con 


ire 


cderisate 

a With so much less steam entering the condenser, 
most of the steam will have been condensed before it can 
reach the lower portion of the condenser where efficient 
deaeration can take place 

h The absolute the 
per cent load is reduced appreciably below normal load 
the 


pressure in condenser at 10) 


conditions rhis is not an unmixed blessing, as 
volume of the air-vapor mixture that must be handled by 
the ejector increases with this decrease in absolute pres 
sure Phe designed eco 
nomically to handle this increased volume 
of deaeration achieved suffers 

his is a less critical effect in an open feedwater cyck 
where deaeration is completed in the deaerating heater 


the entire deaeration take 


ejector, generally, cannot be 


ind the degree 


than in a closed cycle, where 
place in the condenser 
Precautions are necessary to provide more flow through 
condensate pump than the of 
the condenser and proceeding to the 
condensation This is the 
is a cooling medium in the ejector inter 


steam 


hotwell 


the just amount 


reaching 


after condensate i 


because 


and alter 


used 


Fig. 2—The three basic components of a steam power ploent 
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Fig. 3.—An example of an automatic thermostatic valve to control recircyu 
lation of condensate 


condenser It theretore 


nece 
imount of recirculation of tl nsa om down 
stream of the alter-condet bac i! t} hotwell 
Many 
static controls to achieve this effect hown in Fig. 3 


B Because the steam flow thr 


cally 


installations are provided with automatic thermo 


erector 


iS practi 


temy 1 i the condensate 


constant, the rise in 
between the inlet and outlet 


close indication of the rate « 


the ejector condenser tubs ] mperatt differ 


ential can therefore be use » regulate the 
ite through 


As shown in Fig. 3, a 


rate of flow of condens 
small pipe 1 

outlet on the ejector condense ick to the 
shell n auton stalled 
nd controlled by , mper 
the condensat« Whenever the 


condensate 
main condenser 


in this line, actuated ture 


rise ol temperature rise 


reaches a_ predetermined x<imun ndicating a low 


flow of condensate, the automat 


his allows some of the condensate t return to the 
the flow iro. the 
miu ilu \s long the 


threugh the 


main 


condenser and maintains condensate 


pump at the required 
temperature rise ondenser 1s less 
than the 


densate is 


erector ¢ 


limiting indi ample con 
flowing 
V ilve 


Phis recirculation is equally important if 


mount 
through the 


automatic remains closed 


ertical cal 
these are not as suitable for 


type pumps are used, as 


extremely low flow operation as the conventional hori 
zontal condensate pumps 

If two circulating pumps are provided, it is logical to 
load 
with two pump installations, it is 
| 


ind one il 


shut one of these down during light operation to 


save power (ot course, 


usual to run both in summer winter 


certain 


load operation on the deaerating 


The effect of low | 


heater will inv somewhat, as some de signs are not al 


fected by this in so far as 
others are The only 


that uggested 1s to 


deaeration is concerned, while 
idditional 


provide some 


possible prec rut 


nught be auxihary 


heating means { 1e deaerating heater storage, either 


in the 
heating 


through electri 
heater is designed for 


conditions, thi 


foim of n heating coils or 
iterating 
minute sto normal torage 
it {) per 
light 
lead to cooling 
saturatior If 
will be less 


tored teedwater 


ume corresponds to 100 minutes supply 


load ilmost two hours. Operation at very 


for extended periods of time may 
be low 


provided, 


in the 


heated stor ve feedwater to 


| 


uxihary heating means are there 


chance of reabsorbing oxygen 

\nother cautionary suggestion deals with the operation 
of the 
manipulate the vals 
sion that throttling the 
’ 


i steam and 


vents in the deaerating heater. Some operators 


es in the vent lines under the impres 
venting at light loads reduces loss 


Ihis is 


large 


hence, 
debatablk be« 
units will normally 

ind he 
Consequently, the 


improves the he 

quit iuse the deaerating heater of 

float on i turbine 
ilmost directly 


extraction stage 


iter pressure iries with the load 


vent orifice 1s essentially proportioned 
differential avail 

But should the 
luring hght load 
that 


ind the 


a wide load range since the pressurt 
the load 
throttled 


operation, the danger exists that the 


ible for venting varies with 


valves in the vent lines be 
will be left 
way through oversight when the load builds up 
enting will be inadequats 

the boiler 


light load operation 


Ot course feed pump is quite vulnerable t« 


‘ n } ' 
. a n 
First, we know that i pump opera 


ting frequently at ids other than in its best efficienc) 


will not \ is long an operating hfe betweet 


[his 


for requiring light load opera 


range 
overhauls as it 


of the 


would otherwise 


has to pay 


however, 1s part 
price one 


tion in the steam plant If full load conditions are met 


with pumps operating in parallel, one of the two 
be shut down —both to 


two 
pumps 


hould 
] 


ind to improve the 


conserve power! 
yperating conditions of the pumy 


which uns on the line 
But the 
of the 


low flow operation Of 


rein 


most important problem is that of protectior 


boiler feed gainst overheating during this 


course, no modern 125,000 kw 
unit is ever installed without automatic bypass recircula 
It is in 


controls ire 


tion controls however, to assure one 
self that 
ind that 


full shut-off or with to 


iperative, 
these in good operating conditio1 
10 danger exists of operating the pumps against 


high 


i temperature rise 


Molten Salt Reactor Experiment at Oak Ridge 


\ reactor experiment of the molten salt type will be 
constructed at the 


Oak National I 
" 


advanced reactor concepts having potential 


Ridge iboratorv to 


investigate 


advantages tor produc tion of electrical power 
the I 


Molten 


under 


reactor, to be known as the 
MSRI 


issistance 


Design ol 
Salt 


way 


currently is 
} 


Reactor Experiment 
by ORNI by personnel from 
Burns and Roe, architect engineer firm of New York City 
Oak Ridge National Laboratory is operated by | 


\tom« 


with some 


non 


Carbide Corporation for the United States 


Energy Commission 


54 


MSRI ire to det 


serviceabilit 


The major objectives of the 


strate the dependability, ind safety of the 
molten salt reactor concepts for civilian power purposes 
providing confirmation of earlier experimental work and 
its needed for a larger reactor 
offers 


steam conditions an 


information on componet! 
Che 


economic 


molten salt re the potential 


; 


actor concept 


idvantages of excellent 


higher efficiency through operation at very high 


peratures and specific power. Since the fuel is in solu 


ion, no fabrication of fuel elements is necessary and 


continuous removal of fission poisons is possible 
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By D. N. HIGGINS* 


BROWN AND ROOT, INC. 


“a 


es aa lt i¢ tre ‘ e 


wiley»! 4 a 


‘ 
; 
Se Baer 2 4 , se:¢ 


Fig. 1—Dramatic view of City of Austin's Holly Street Station 


115 Mw Semi-outdoor Reheat Station 
Costs $82.12/ Kw 


Mr. Higgins details the requirements for a successful 
installation at City 
Qualified engineers for design and supervision, an 
experienced constructor 
and outstanding coordir 
neer and erector are ft 
speak for themselves 

in the Southwest 


ond a 


COMBUSTION 


Austin's Holly Street Station 


actors he insists upon. Results 
one of the lowest per kw costs 
minimum plans-to-operation time 


, trouble free stori up 


LECTRIC energy requirements 
lex., area are rapidly increasing 
is approaching fourteen per cent per v« Because 
this load growth and because of a gradual « Kpansion of 


load center, a new plant that had been in the planning 


bidding on a lump sum basis 
tage has now become a reality This station 1s at a new 


ition between owner, endi- ‘ 
9g location and its ultimate capacity will exceed four 


hundred thousand kilowatts 

Several possible plant locations were available along 
the Colorado River where ample circulating water was 
ivailable for the ultimate capacity All of the locations 
would be subject to possible flooding from river bank 
yverflow under extreme weather and climate condition 
ind all presented the same design problems The area 
finally chosen was a twelve acre site, located on the west 
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\ustin 
section The site 
to the 69 and 13S 


plants and the 


Colorado within the City of 


idjacent 


bank of the 


linuts and lential 
iuse Of its proximity 


older 


was selected be« 


k systems connecting the two 


interconnecting outside utility lransmission lines are 


very short and costs and losses are at a minimum 


Holly Street Station 


four 
bank 
unit 


Holly will ultimately consist of 
writs low 


Fig ; 


cost 


Street Station 


ited in line leading away from the river 


Plant was planned for simplicity and low 


semi-outdoor The turbine 


housed 11 


design 1s 


Station 


generator and electrical equipment ts 1 modern 


teel and concrete building Ur 


now in operation and consists ol 


turbine-generator and boiler rated 


ind 


ibility 


per hour Steam throttle 


total 


pressure 1S ) 


hood, 1000 | temperature oss cap 


exces i > mw and require 


is in 


Fig. 2——Holly Street Station by daylight. Area to the left remains open for 


addition of 3 more units in line leading away from the river 


oo mw Boiler 1s gas fired with light fuel oil standby 


Careful consideration was given to outdoor vs. semi 


utdoor construction and after all factors were considered 


he sem-outdoor design w Boiler, feedwater 


St le cted 
outdoors Forced 


elevation, SO) ft 


eaters and forced draft fans are 


lraft fans are located at an preheater 


prov ie ( lean 


Yin above grade, to minimize duct work 
heater 1s supported 
ind three of the 


This 
work 


ir ind reduce nose ay erating 


on the boiler steel under the air preheater 
erator 
duct 


ind still provides 


we heaters are at grade under the de 


uses space normally taken up by fans and 


bay 


feed 


eliumimates a feedwater heater 


sufthcient head on the boilet pumps from the dea 


operating and transient conditions 


ited in the 


erator under all 
heater condenser neck 
boiler full 


used instead of three half-capacity 


The first-stage is lo« 


teed and two capacity 


[wo half-capacity 
condensate pumps are 
Operation has shown that the use of 


draft fan circulating 


only one 


units 


feed pump, one forced ind one 


56 


Circulating are 


structure designed for flood 


will pumps 


produce #) mw 
intake 
protection and ar 
gpm each when operating in parallel at 
head. Water temperature from 


SUF Circulating water to and from condenser 


pump 
ind screen 


vertical mixed-flow 


located in 
rated at 32,500) 
30 ft total dis 
river 


doe o not 


charge 
exceed 
is carried through centrifugally cast concrete pipe 60 in 
in diameter Jecause of river water conditions during 
two-pass divided water box 


Intake 


m circulating pumps 


dry spells, condensers are 


ind have 65,000 sq ft surface structure 1s 


designed to have idequate head 

during extreme low water conditions 
Make-up water 1s from a demineralizer sized for two 

Water supply to demineralizer 1s from 


tanks are provided 


‘i-mw units 
City 


one lor 


water system [wo storage 


condensate and one for demineralized water 
of this was proved during initial start-up 


entire 


The value 
All lines, condenser pumps and heaters, in fact the 
ind boiler. were cleaned with de 


feedwater system 


mineralized water before start-up Demineralized water 
was used for initial firing of boiler and blowout of main 
\fter steam turned into 
to full load 


During this operation 


steam and reheat lines was 


the unit for the first time, 1t was brought 


without ever stopping the unit 
silica in the boiler water never exceeded 4.6 ppm 
conventional with five feedwater 


Steam cycl 1S 


heaters including the deaerator which 1s in the number 
Make-up introduced at the 
partial deaeration Heater 
No. 2 heater to No. 1 and 
condenser through integral drain coolers 
heaters Nos. 2, 3 


conventional control 


three water 1s 


position 
drains are 


ilso to the 


condenser for 


cascaded trom 


Drain control 
ind 5 

ilve 
throughout 


closed feedwater 


lieu of the 


for the 
orthice in 
satistactory 


irrangement has proved very 


ill load 


operates at throttle pressure of 1450 psig and tempera 


ranges Up to 100 mw, the unit normally 


turbine heat rate of S079 


Btu per Above Lt) 
operates at 1525 psig and L000) 1000 F tot il temper iture 


tures 1000 1000 F with a 


kilowatt-hour mw the unit 


Turbine heat rate increases slightly to SOS9 Btu per 
peaking condi 


kilowatt-hour under these overpressuré 


tions 


Station Building 


Station building including turbine-generator bay 


ind control 1 sections are designed to with 


stand flood conditions 14 ft 
evation The 


othe On 


ibove finished grade el 


plant is supported on poured-it 
place TOM k 
10,000 cu vd of fill taken from the river when excavating 


bed for intake and discharge 
concrete 


entire 


oncrete piles extending to Site required 


ind cle 


iring out the river 
extends 14 
ull openings such 

leakage into the 


was pro 


water structures The structure 
ft above grade for flood protection 
designed to water 
building In addition 


with sufficient mass to prevent floating under the highest 


doors are prevent 


the entire structure 


recorded flood 
Building contains 7.SS cu ft per kilowatt. Control 
the boiler firing platform elevatior 


level is behind the 
above 


room is located at 
Office 
control 


space 1s also at the same ind 


room Building walls concrete are of 


insulated metallic construction designed to give the 


turbine room not only an attractive interior finish but a 


combination of thermal and acoustical insulation as 


well 
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Fig. 3-—Sectional elevation showing arrangement of equipment 


tually 


The exterior 


forms a cur 
heet 
of sbestos-protected 
color The 
teel 
rf t he S¢ 


interior 
ited painted ti 
interior 


rcousti character DI 


icoustically treated 


ulating concrete il 


board coveret 
teel: while the 


ind runw 


1est parts ( 


Turbine bay 


é railroad 


wide by 7 


of equipment there 


Controls and Instrumentation 


The control room, manual feedwater and fuel ga 


ontrols, burners and boil tart-up panel are all at the 


same elevation Boiler generator, spare excitet 


turbine all mounted or 


ne control board Cor l sy m for the 


supervisory instruments are 
boiler is 
4-element 


standard conventiona TI type with 
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Inter 


combustion 


feedwater control system 
with the 


pressure con 


lock devi ncorporated 


control systen ictuation of single or two 


lan oper iti 
Combustion « or oil firing 


with oil firing by 


ontrols are designed for ga 


in combination or individually remote 


manual operation from control panel 
Superheat steam temperature control 1s by means of 


water spray with combustion air flow signal in parallel 
with tem 
Reheat 


except control output is split 


perature transmitter 


temperature control m is superheat 


burner tilts and 


pray ilve in sequence 


Interlock system ds feguards the boiler by ar 


iutomatic purge c\ required conditions exist 


| 


ind forced draft fan soiler ignition 1s lo« 


with remote automat turbine or manual 


trip irom BIG panel 


ite actuated gas minimum burner 


corporated in design for boiler 


pring and ret 


pressure ntrol valve 1s 1 


start and minimum flame control jench front duple 


panel in control room incorporates control switches for 


motors, giving operator control of unit auxiliaries from 


control room, generator control switches are also located 


Local panels are installed for information 


on same panel 


ind control at burner level for boiler start; turbine level 


for turbine start; basement for feedwater, condensat« 


ind river intake statior 
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Electrical System 


Mam leads from generator to 3-phase H) O00-kva 
PFOA, 13.2-69 kv step-up transformer are of isolated 
phase construction with taps to generator surge pro 
tection and potential transformers in tsolated phase 
compartments located under the bus at basement level 
and to 4-phase, 7500 kva, OA, unit auxiliary 15.2 
2.4 kv transformer located immediately outside the 
building \ 69,000 to 240 volt standby auxiliary 


transformer is also provided 

is located at the 
Adjacent to 

Provision has 


exciter motor-generator set 


\ Spare 


generator end of the mezzanine level 


this unit is the excitation switchgear 


been incorporated to transfer the regulator from the 


main to the spare exciter directly from the BTG board 


Pwenty-four hundred (2400) volt switchgear, located 


in the switchgear room under the control wing at the 
operating floor level supplies the larger auxihary motors 
volt 


generator 


and 480 volt power center which feeds 480) motor 


control centers for other auxiliaries The 


and its auxiliaries are controlled from the boiler-turbine 


generator board located m the main control room 


Control 
from line control panel also located in the main control 
cable 


possible extent for routing of control and power ¢ ables 


und protective relaving for 60 kv feeders ts 


room Overhead travs are used to the greatest 


Station Cost 


rhe total central station project covers ill components 


required for the unit 100 mw system and also includes 


by category, the following additional items 


1) Site Area Development for Four Units 
Fire 
lighting and fencing 
(2) Electrical 
Station start-up transformer for four units 


protection system, roadways, parking areas, vard 


main step 
up and auxiliary transformers, 69 kv step-up substation, 
spare exciter for two units, and supervisory control micro 
wave equipment 
3) Storage 
35,000 bbl underground oil storage tank and tank cat 
unloading facilities 
4) Circulating Water 
Condenser circulating water discharge structure and 
lead piping for four units 
5) Water Treatment 
Demineralized water treating plant and storage tanks 
for two units 
6) Building 
Air conditioned control room and plant offices for two 


units, full capacity crane for lifting generator stator 


AEC, Bu Mines Gas Recycle Completes 
1000-hr. 


An advanced helium gas recycle system, developed 
jointly by the Department of Interior's Bureau of Mines 
and the Atomic Energy 
possible utilization of nuclear heat for industrial proc 


1000 hr of continuous 


Commission as a step toward 


esses, completed operation at 


design conditions on October 22, 1960 
The system, designed to study the technical feasibility 
of providing nuclear heat for high-temperature industrial 
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7) Miscellaneous 
lend 


Owner's administrative expenses, land cost 


Total cost of the project to date 1s $10,648,210 On 


the basis of 115 mw capability, cost at the completion of 


Unit No. | 1s $92.59 per kw Cost of the project charge 
able to the generation system of Unit No. 1, in accordance 
with FPC Uniform System of Accounts, 1s $9,443.37 


} 


sased on 115 mw capability this cost 1s $82.12 per kw 


Engineering—Construction—nitial Operation 


Root In awarded the 


1Q5S 


Brown & was 


contract on 


engineering 


June 6 ind on August 15, 1960, Unit 
No. | was ready for commercial operation (ll drawings 
cable SC hedule ‘ 

instrumentation detail 


construction 


specifications, conduit ind valve 


and material lists, and wert 


complete for lump sum single contract 
on March I 
the 


complishment of this type of project including 


bidding 1959 Engineering contract 


covered engineering services required for the a 


\ Preliminary Phase 
B Design Phase 
( Construction Phase 


Construction contract for all work was awarded to the 
qualified constructor on competitive bids in accordance: 
Bids 


contract 


with complete plans and _ specifications wert 


ind the 


escalation 


received on a lump sum basis was 


iwarded accordingly and with no Construc 
tion started April | 


turbine 


1959, and steam was turned into the 


July 26, 1960. Construction was 


under the general supervision of engineers from Brown & 


generator on 
Root, Inc., through routine visits to the job for personal 
observation of the work and consultation with Customer's 
resident engineer 

The plant start-up and initial operation was under 
general supervision of Brown & Root engineers Chis 
work was completed in a period of one week, with steam 
throttle on July 26, 1960 
the system brought down for routine check on 
2, 1960 During this period the system was operated at 
Phroughout 


admitted to turbine and 


\ugust 


105 mw for a period of approximately 20 hr 
this phase we encountered no unusual problems 


The kw of 


among the lowest 


cost this new semi-outdoor station is 


per 


costs in the Southwest for gas-fired 


plants of any capacity. Close cooperation of the Owner 
the manufacturers of the construction 


and the 


equipment, the 
contractor Engineers helped to make this low 
total 


initial 


unit cost possible The time between award of 


engineering contract and operation, twenty-six 


months, 1s also a considerable factor in low total cost 
ind is a direct result of this effective liaison 
processes -including the gasification of coal--had op 


than 41 days at a 
gas temperature of 2500 F and a pressure 
sq-in shutdown for routine 
Che experimental facility is located at the Bureau of 


Mines’ Coal Research Center at Morgantown, W. Va 


erated continuously for more 


of 250 Ib per 


before it was inspection 


rhe Morgantown gas recycle system is powered by 


induction heaters which simulate a high-temperature 


nuclear reactor The system includes heat exchangers. 


compressors and other components essential to a com 


mercial high-temperature nuclear process heat system 
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Abstracts from the Technical Press—Abroad and Domestic 


(Drawn from the monthly Technical Bulletin, International Combustion, 
Lid., London, W. C. 1) 


Fuels: Sources, Properties and Prep- 


aration 


Chemical Structure and Properties of 
Coal XXVII--Composition and Mo- 
lecular Weight Distribution of Coal 
Extracts. H. N. M. |] and 
1) W van K re | 

39 (July 73-92 


The Dependence of the Swelling 

Pressure on the Temperature Con- 

ditions during Coking 
. eins 


2 
i 


41 


Laboratory Investigations into the 

Behaviour of Salt-Coal Ash in Steam 

Generators. K \\ et é 
l > 


Mechanical Handling 


New Means of Transport in the Euro- 
pean Energy Distribution ! 
hau B.W.K " 12 


(,ermar 
attempt 


within whi 


Steam Generation and Power Pvoduc- 
tion 


Experimental Determination of the 
Specific Heat of Heavy Water. S 
L. Rivkin and B. N. Egor Kerr 


COMBUSTION | November 1960 


ener ete if : June 
(,erman 
The re 


tions are ret 


sults of Russian investiga 


vorted for temperatures 


up to 300 C and pressures up to 100 


kg cm 


Experimental Determination of the 
Thermal Conductivity of Heavy 
Water. N B. Vargaftil ( N 


Olescuk and P. | Beljakova Kern 
ergie 1960, 3 June 85-7 in 
(,erman 
These 


out m the 


Russian studies were carried 


} 


range ol pressure Irom 
to 208 kg cm? and temperatures of 


mo ¢ 


Strength Behaviour of Thick-Walled 
Hollow Cylinders under Inside Pres- 
sure in the Fully Plastic Range. 
Studies by Bursting Tests. K. Wel 
linger and 1). Uebing Mitt, V.G.B 
No. 66, 1960) (June 134-48 (in 
(,erman ) 

Bursting tests on thick-walled hol 


evlinders in a specially developed 





drive as required. 
“SAV-PAC” is built 


rotary burner systems. 


TOD 





FORCED DRAFT—REGISTER TYPE 
PACKAGED BURNER SYSTEM 


FULLY AUTOMATIC OR SEMI-AUTOMATIC 
system is manufactured in a wide variety of sizes and models, 
arranged for firing steam boilers and high temperature hot 
water generators of all types up to the equivalent of 100,000 
lbs. of steam per hour. Available with axial flow blowers or 
centrifugal blowers fitted with electric motor or steam turbine 


for trouble-free performance, extra 
economy using all grades of fuel oils, gaseous fuels or com- 
binations of both. Self-contained unit includes register-type 
burner, forced draft fan, air-fuel controls, wiring and piping 
in separate enclosed panels, mounted complete. 

Also available Topp KoTO-PAC fully automatic forced draft 


Write for complete details and specifications 


SHIPYARDS CORPORATION 


Sales and Service Departments: Columbia and Halleck Sts., Brooklyn 31, N. Y. 
Piant, Sales and Service: P. O. Box 9666, Houston, Texas 


.. this high efficiency 


PRODUCTS DIVISION 











FROM 
BOILER WATER... 


DEOXY-SOL 


Fairmount DEOXY-SOL, a solution of 
hydrazine, is a high efficiency oxygen 
scavenger designed especially for 
high pressure boiler water treatment. 


DEOXY-SOL removes oxygen, reduces 
oxides and raises pH of the conden- 
sate all at the same time... 
no solids. 


Stocks in Newark, N. J., Chicago, 
Ill., Los Angeles, Calif. Investigate 
its advantages for your system. Write 
for Bulletin BW. 


yet adds 


Fairmount 


) NC 








Calculation of the Laminar and Turbu- 





lent Pressure Drop at a Pipe Inlet. 
F cholz (hewn ly ] j ‘yl 
32 (i ‘ > (om Coe i 
hited ‘ it have hee 
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Present State of Steam Generator 
Technique. Oil Firing in Steam Gen- 
erators in Western Germany. IH 
Richter Witt V.GB No. 66 TY 
| < S or ’ 
ats i mnber tf bone Ca 
erect re 1 te erat ‘ 
i ‘ 1 Innatio V1 
other fuels and of coal, brown coal 
il " ind multifuel fired bouler 


Firing of Low-Grade Fuels and of 
Different Fuels in a Single Plant. 


Wasserrobrkessel- Verband ind I 
(CJeissler B.W.HA bh 12 June 
Oo (in (Gsermar 
Boner cle igned for the liring 
w-grade bituminous coal *ke and 


K« breeze brown coal and lhgnite 


eat, oil, waste wood last turnace 
ind coke oven gas either singly or in 
different combinatior ire described 
vith special ittentior t the high 
efhicien obtained in their operation 


The Russian PK-33-83 SP High- 
capacity Once-through Boiler. Z. G 


lodel ienergomashtine roente ny 
il in Russiar 
The la ul m nent 
‘ il desig il pl ie 
Russia H50 £/ ooo | m0) Si 
e he it | ' I ein 1 ‘ 
iler are examine 


Prefab Coal-Fired Boiler Wins Out 
in Navy Tests. L. F. Deming Pwr 


} 
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emyect at =the ice and «rea 
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FD il and w-dra ht dust 
lector \t il iverTaut rate ol 


44 Ib hr the thermal efhcienc 


So per cent The larger size 

has two transverse drums, a spreader 
ker with oscillating grate and 1s 
rated at 30.000 Ib hr In tests of 
il efhiciencies of up to SS per cent 


‘ ‘ ‘ ‘ | 
1m lete and cart le S 
e du le I In te “ 
iret I il eft enc betwee 
s ind 84.9 per nt were 
uned I the te were irri 
it vit ite w rie t he t he i 
efhcre ne reached 75.6 per cent 


Liquid and Gaseous Fuel Firing 


Pressurised Oil Burners for Steam 


Generators. Pt. I. G. Weber. Mit 
B No. tt y Ture 4-7 
(,erman 
\ letatled theoretical anal 
1 il iZal 1 followed t i 
lescriptior 1 the apple ation of the 
the t he desig rious type 
1 i l er I \ ule 
i ! 1 i il ! 
, trol : od 


Water Treatment 


New Specifications for the Silicic 
Acid Content of Boiler Water. I! 


I Hlomug Vilt . No. 66 
HHO ( June ms | in German 
I he essity for ne specification 


ise e latest rentific tude 
‘ uned and recommendatior 
vce ew ilu the 0) 
te Wal lor pre ure 
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Heat Recovery Plant 
Here's a Unique Industrial Soot- 
Blower Installation. WW. Bor P 
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Power Generation and Power Plant 


American Power Conference in Re- 


view Ii. Anor ” wor n 
31 (Tune). 48 
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iper t conderfsers fuel 
, il and gas burners and 
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Technical 


Stations. 
— > 


Trends in Steam Power 


The Brown Coal Power Station 
di Roma. 
12 (May 

Phis pov 


Perugt 


Citta 


The Direct Generation of Electricity 


How Coal Can Fuel 
Charged Steam Plant 
64 


Turbo- 


transmitted 
i di tance 
The Lacq-Artix Power Station. 
Teci 1060, 5 
Frencl 


power: 


Scheurer Vf 
| ) 
rhis 


tructed 


in 


The aay 
MW. 


Power Station of 600 te 


ilurminum act 
contain tour 
each suppl 


ate 


natura 


boilers r 0/400 


itil and 542 with rehe 
the 


it 


The Recovery of Expansion Energy at 
the Artix Power Station. Hi. L« 
52 (Ma 


Ht) 


turbine 
acity 


luced 


Conversion of the Nantes-Cheviré 


Power Station to Natural Gas Firing. 
‘ * ! kk 


The 52 


Chalon II 


Power 


Power Station 


61 


The Steam Power Station at CI 
pagne - Sur - Oise 


) 52 
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EXPOSITION COMPANY 
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New York 















RCHER’S 


POINT 
ENT PROGRAM 








Designed for Inplant Testing... Performed by 
Your Personnel... Backed by Experts 


If you use water for power, process or cooling, it will pay you to look into 
Bird-Archer’s 8 point Water Treatment Service. Every step in this 
Service is performed by qualified chemists and engineers whose main 
task is to design a system that can be implemented by your own 
personne! and at the same time place at your disposal 60 years’ 
experience in solving water treatment problems. 


Bird-Archer’s 8 Complete Engineering Services 
®@ Complete studies of your use of water or steam 
Exhaustive analysis of water supplies starting at source 


Modern laboratory with seasoned chemists specializing in water analysis 
and research 


@ Operational changes where necessary 
Custom formulated chemical treatments for your specific needs. 


@ Complete analysis of savings and benefits where additional equipment 
may be helpful 


@ Instruction of your personnel by experienced technicians in accurate 
control and test procedures 


@ Periodic call-backs by your Bird-Archer Service Engineer to be sure you 
continue to get the best possible results 


A Bird-Archer 8 Point Service Engineer is only a ‘phone's throw” away. 
Call him for greater peace of mind. 


BIRD-ARCHER 


WATER TREATING CONSULTANTS 
The BIRD-ARCHER Company, 4337 N. American St., Phila. 40, Pa. 


New York ¢ Chicago 
The BIRD-ARCHER CO. of California, 415 Brannon St., Son Francisco * Offices in Conede and Mexico 


8-000 
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burning out of the #H000 sec Ke 
wood No ml with an S content 
4.7% No acid corrosion or smut 


emission has occurred, the average 
e fficie ne has heen 85.5 per cent and 


the availability 96 per cent 


The St. Andra II Steam Power 


Station, Austria. Anon 0 7./ ) 
60, 13 (April 02-184 (in Germ 
The issue 1 devoted to articl 
dealing with the station, which 
i 0 th Aur atm yage ».5f 4 
Benson bole with reheat t 
( ind a > MVA hvydrogen-cooled 
turbo-alterna ( t was a x 
mate £4 KW 
From C.b.G 1 Digest 960, 12 
Jul r) 


How We Modernized Our Plant and 
Saved Money. M. Buhner. Pwr 
Eneng. 1960, 64 (June), 74-5 

At the Fox River Paper Corp. it 
was found possible to install me 
plant and operate it at a much lower 
cost than estimated by consultants 
rhe new boiler is rated at 40,000 Ib. hr 
and fitted with a Vibra-Grate stoket 
including automatic combustion cor 


trols and a pneumatic ash handling 


stem: no new buildings or founda 
tion work was required The new 
plant 1 erated four shift men and 
ne utilit mat m the day-shift 
i not more than would have beet 
required by an o1l-fired boiler 


Benson Boiler at Steelworks. Ar 
Klee Time WO, 137 June 


The new plant recently completed 


it the Margam Steelworks consists 


of th s semi-outdoor Benson 


a nree-pas 
boiler 40 kib/hr) and a 9.5 mw 
back pressure turbogenerator The 


team is generated at 3300 psi and 
060 F and the turbine exhaust steam 
reheated to 836 F before being passed 


nto the existing 625 psi nains 


The main fuel is blast furnace gas 


with oil as standby Combustion 
ntrol 1s obtained by control of the 
F.D. fans as a function of the fuel 


supplied to the furnace 


Extensions to Power Plant at the 
Mersey Mill of the Bowater Paper 
Corp. Ltd. Anon. Pwr. & W 
Engng. 1960, 55 (June), 444-9 


The new extension comprises three 


preader-stoker fired boilers each rated 
at 90 kib hr at 925 psi and 910 | 
easily « ertible to oil firing About 


’ 


(0 per cent of the coal is burned it 


suspension, the remainder on the 
forward moving grate: fly ash and 
grit from the superheater hopper 


ind grit arrester are returned with 
part of the secondary air into the 
furnace rhe 15 Mw turbine has two 
extraction pots at 75 and 20 psi 
The make-up water is treated in a 


hydrogen-ior starvation, base -ex 
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Materials and Manufacturing Processes 


Method for Testing 
Reactors I 
3 


A Comparative 
Graphite for Nuclear 


Relationship between Thermal! Prop- 
erties and Atomic Molecular Struc- 
ture of Carbon in Homogenising 
Graphitisation. \ . kis 
V. K. Zamolue t a 
enero ‘ | 
German 

ults of R1 

thermal 


ninatior 


Absorption Cross-Section of Graphite 
I I Nichol ‘ , 
"i0, 7 (Ma yo 
\merican Frencl 
hites were teste 
nne-eectios 
ired with value 


tries Of origi 


Nitride. 
1460. 13 Tul 


iheon nitride 


Silicon 


resistance 
nensionally stablk 
rmal shock and 
and che ipl 


bulated and 1 


ire 4 


A Note on the Relationship between 
Chemical Composition and Hot- 
Cracking in Mild and Alloy Steels. 
V. K. B. Marsha | 
60, 7 (Jul 
Certain element 


{ 


ane 


Effect of Elevated-Temperature Ex- 

posure on Heavy Section Pressure- 

Vessel Steels. A W. Pense, |. H 

«st ind R. D t j 
» 39 (Tune 
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Effect of Chromium Depleted Surface 
on Corrosion Behavior of Type 430 


Stainless Steel. Kk \ Irax and 
1. C. Holzwarth ( roston 1960, 16 


ind meat 
ire considered 
Growth of Uranium Rods in Agres- 
Gas Media. I V. B 
rR 1 


Rudenko am 


sive itenin 
\ N 


} 


iraOyN 
ernenerote Ny 
in (sermat! 

Russian I stigatiorn nt the 
nitrowget 


| 


growth of 


and carbor ction ¢ 
temperature ! su rod diam 
oxidation 


eter and pr 
the rod 
possible mec! 


proposed 


Modern Welding Methods Applied 
to Power Station Engineering. |!) 
P. Tait Brit. Pwr. Engng. 1960, 1 
Jul 1-4 
Some of the 


latest deve lopme nts 


welding essels and 


pipe 5S are cle 


in ir¢ pressure 


cribed 


Ultrasonic Welding. BE. Noltingk 
Weld Met. Fabr 960, 28 (Jul 
ith 


Some recent British investigations 


in the field of ultrasonic welding, its 


idvantage ind = difficultic experi 


enced are reported Phe arious 


techniques developed for spot and 


seam welding are described and illus 


trated by examples hin materials 


dissimilar metals or those of unequal 
thickness are particularl, 
lela 


ultrasonic wel 


suited to 


Piping. W Edward 
O60. 104 
This 


terials 


] une 51-6 
with Ma 
wrought tron 


survey deals 
steel cast iron 
others 


fluid 


copper alloys, copper tubing 
and fittings ; 
ASA piping standard 


support 
ere { 


Instruments and Controls 


Automatic Boiler Control. 
and Ted Ved. 1960 
,00 ] 

Recent 
station } 
nchroli 

n electronic 
used to set 


ment, which i 


in their correct positior 


The Control of Sulzer Monotube 
Steam Generators with Reheating. 
M Diethelm Tec Rev 
959, 41, No. 4 

The Englisl rsion of the paper 


tracted (abstract 437 


ulcer 


previous! 
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Control of Power Reactors 1. R 


CONSIDER YOUR FUTURE IN 


POWER 
GENERATION 


24th NATIONAL 
EXPOSITION 
OF POWER & 
MECHANICAL 
ENGINEERING 


NEW YORK COLISEUM 





NOV. 28—DEC. 2, 1960 





MANAGEMENT INTERNATIONAL EXPOSITION COMPANY 


480 Lex ngton Ave, New York WAY 
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Recording Electrical Resistance Cor- 

rosion Meters. |! Winegartner 

} desigt f the imstrument, pre 

caution I ken and results obtained 

44 99 Radioactive Equipment for Direct 
Measurement of Coal-bunker and 

Reservoir Levels. VG galin, P. \ 

opotskni nd bson eh, 


AT LARGE EASTERN UTILITY 
OIL-FIRED BOILERS 


Nine months ago, a large eastern utility replaced fire- 
brick with FURNACE BLOK in the burner and target 
walls of oil-fired boilers. As a result of drastically 
lower erection costs and excellent service life, utility 
will now standardize on FURNACE BLOK in these walls. 


Target wall, 20 ft. high x 26 ft. 
wide, of oil-fired boiler. FURNACE 
BLOK washcoated with Super 
3000 Refractory Mortar. After 
nine months’ service, washcoat 
brushmorks still visible 


Nuclear Energy 


World Power Conference. 
\ neng. 1960, 5 (Jul 


\ digest of the papers dealing wit! 


nuclear power preset ted 
meeting 1s given 


Burner wall, 8 ft. high x 26 ft ; 
wide, of oil-fired boiler show- Present State of Projects for Nuclear 


ing perfect condition after nine € Power Stations in the European 
months’ service. Community 1] Schult 
12 (Jum 


e countries 


FURNACE BLOK is a specially 
sheped, patented, hollow refrac- 
tory unit. When BLOK units are 
placed and filled, they produce 
@ true monolithic structure. NO 


FORMS REQUIRED 
FURNACE BLOK INFORMATION KIT 


Contains Technical information, in- 
stallation photos, cost comparisons The Engineering Design of Power 


and prices. Write today. Reactors. \ ind H. I 


° Patent No. 183597 Da 


REFRACTORY & INSULATION CORP. 


124 WALL STREET «+ NEW YORK 65, N.Y. 


Soles Offices: Chicago, Ill; Cleveland, Ohio; Bryn Mowr, Po.; 
Newark, N. J.; Buffalo, N. Y. 





ceptual 
and initial 


of | Costable and Bonding Refractories; FURNACE BLOK; design 


Moanviacturers 
| Blonkets, Block, Plostic ond Fill insulotions 
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The Marine 


| kk - 
i i 


Boiling Water Reactor 


} 


The Brown Boveri-Krupp High-Tem- 


perature Gas-Cooled Reactor 


/ 


4 
° 


rie 


na 
I 


Dragon Objective. 


Dragon Control System 
’ Rees 5 


Dragon Fuel Elements 
\ ) ) 5 


Dragon Graphite 
P. A. P. Arragon at 
Ss 

Hydrogen as a Reactor Coolant 
PN Gara \ 5 
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What could be simpler? 





Your boiler water is a conductor: 


Its rise and fall can be made to 
make and break circuits; 


Simple efficient control to 1, 2,3 (below) 











Housing protects 
electrode fittings 


a operate alarms 
2) actuate fuel cut-out 





3) start and stop pumps 





RELIANCE ELECTRODE LEVALARMS GIVE YOU 
INSTANT ACTION — at exact pre-set water levels. Minute 
transformer-isolated currents pass through boiler water in the 
column — actuate controls through relays. From one function 
(fuel cut-out or low water alarm) to combinations of up to five 
or more are possible with a Levalarm: low or/and high water 
level alarm, fuel cut-out, start and stop pumps, etc. 


Electrode Levalarms are entirely electrical; they do not depend 
on vacuum tubes or magnets — have no stuffing boxes or bel- 
lows. Models available for every pressure or temperature. 


It will pay you to get full information on Reliance Levalarms. 
Write the factory or contact nearest Reliance Representative. 


The Reliance Gauge Column Co., 5902 Carnegie Ave., Cleveland 3, Ohio 


R elianc C ania 








Research 
Responsibility 


Results 





WHEREVER GASES ARE 
CLEANED OR HANDLED. 


Acrotec Industries offers more than a half 


century of world wide experience in engineering 


and manufacturing equipment for efficient and 


economical cleaning and handling of air and gas. 


Single responsibility for complete systems, from 


design to final installation, 


assures management that 


P overall performance guarantees will be met. 


Write for information on the products of interest. 


AEFIOTEC INDUSTRIES 


INCORPORATED 


EXECUTIVE OFFICES «+ GREENWICH, 


CONN. 


Plants at Bantam, Greenwich and So. Norwalk, Conn. 
Canadian Affiliate: T. C. CHOWN LIMITED, Montreal and Toronto 


Divisions: eg * Electrical and Mechanical Oust Collectors + Wet Collectors 
Scrubbers « Air Preheaters « 


. Barry Stacks * Blowers « Gos 


circraft, missile and nuclear industries. 


Curtain 


AMNCEAFT EQUIPMENT + Advonced slecwo-machancal sqvioment for the 


| SEROTHERS's Alrwah leunges, puscenger oat 





— 
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Build your F! 





High-capacity water sof- 
tening: New Permutit® 
Model BD Softeners an- 
swer industry's needs for 
more soft water at lower 
cost. Full details on op 
eration, specifications and 
performance are con- 


tained in Bulletin 4696. 


PERMUTIT 
1ON EXCHANGERS 





9 09 eae 

lon exchangers: From 
Permutit—the only com- 
pany to manufacture ton 
exchange resins and the 
equipment in which they 
are used—a manual on ion 
exchange as a unit proc- 
ess for purification, re- 
covery, addition, separa- 
tion, concentration. Bul- 
letin 2508 also covers 
resins and equipment. 


Senne “=e Beoorating Heater 


PERMUTIT 


Deaerating Heaters: De- 
signed for removal of 
carbon dioxide and oxy 
gen from boiler feedwa- 
ter. Permutit offers both 
Spray Deaerators, Bulle- 
tin 2357, and Tray De- 
aerators, Bulletin 4732. 


UiDi< 


Standard packaged de- 
mineralizers: Factory-as- 
sembled, systems ready to 
connect and operate. For 
summary of applications, 
plus data on mixed-bed, 
two-step, non-regenerable 
and skid-mounted units, 
send for Bulletin 4721. 


process 
feos cen 


PRODDED 


“New” metals for proc- 
essing: Tantalum, titani 
um and zirconium are 
finding increased use be 
cause of their exceptional 
corrosion resistance and 
strength. Corrosion, heat 
transfer and general appli- 
cation data on these met- 
als, plus equipment avail- 
able, see Bulletin 978. 


Permutit Precipitator: 
Saves about 50% in 
ground space, 50% -75% 
in time of treatment, and 
10% -40% in certain 
chemicals and adsorbents, 
compared to conventional 
reaction and settling tank. 
Complete facts on opera- 
tion and applications are 


in Bulletin 2204C. 


PFAUDLER 


Specialists in FLUIDICS 


S° library 


AUTOMATIX 
VALVELESS 
GRavityY fru 


Automatic valveless grav- 
ity filter: Costs up to 45% 
less than conventional fil- 
ters. Also saves money 
after installation, because 
it Operates automatically 
without a single valve, 
agitator, pump, flow con- 
troller, or an attendant 


operator Bulletin 4351. 


‘ae 


How FLUIDICS works for 
you: Buyer's Guide sur- 
veys equipment for water 
and waste treatment, ion 
exchange, gas analysis, 
metering and control. 
Also equipment for han- 
dling corrosives, heat 
transfer, reactions, cen- 
trifuging and packaging 
Send for Bulletin 992. 


Water treatment chemi- 
cals: Permutit offers an 
extensive line of special- 
ized chemicals. Typical 
data available: Bulletin 
CS-105 on Wisprofloc-20 
Coagulant Aid, Bulletin 
CS-111 on Neutralizing 
Amines, Bulletin CS-11 

on the Briquet Systern. 


PERMUTIT INC. 


the science of fluid processes 


WRITE FOR FREE COPIES of any of these Bulletins. 
Permutit Division, Dept.CO-110,50 West 44th Street, 


New York 36, New York. 








CLARAGE 


HAS WHAT IT TAKES for induced draft, toughest fan 


service of them all! The Clarage Dynacurve Fan is built extra heavy for 
extra service life. Compact design minimizes floor space and height re- 
quirements. Rugged wheel has 36 radially deep, aerodynamically curved 
blades and tapered rims. Optional wearing plates go where they belong 

on the face, not the back, of the blades. Optional scroll liners are bolted, 


not welded, for easy replacement. Save cost, save space. Choose Clarage. 






Sections of housing and 
inlet boxes removed. 





Dependable equipment for making air your servant 


CLARAGE FAN COMPAN Y 


Kalamazoo, Michigan 


SALES ENGINEERING OFFICES IN ALL PRINCIPAL CITIES e@ IN CANADA: Canada Fans, ltd., 4285 Richelieu St., Montreal 


68 November 1960 COMBUSTION 








CONDENSATE BY-PASS. . 


DIRECT ROUTETO IMPROVED” 
WATER LEVEL INDICATION 
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Diamond Gauge to pro l¢ 
Write for complete ntort 
Diamond representative 


Diamond Power Specialty Corporation, Lancaster, 


Diamond Specialty Limited +» Windsor, Ontario 
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BIG REASONS WHY 


MULTICLONE FLY ASH COLLECTORS 


COST LESS TO MAINTAIN 
ARE FAR SIMPLER TO SERVICE 


When you buy fly ash collection equipment, don’t stop with a comparison 
of initial cost only. Compare also the cost and simplicity of keeping your 
collector at top-notch efficiency throughout the years. To the outstanding 
advantages of Multiclone’s unique operating features, add the low cost 
and easy maintenance of this equipment and you'll see why Multiclones 
are the leading choice wherever centrifugal types of fly ash collectors 


are the most practical solution. 


Compare the above advantages with any com- 
petitive equipment and you'll readily see why 
Multiclones are the logical choice for your partic- 
ular operations, too. There’s a Multiclone repre- 
sentative near you who will gladly supply further 
details to fit your individual requirements. No 
obligation, of course! Send for descriptive literature 
on Multiclone equipment 


WESTERN 


PRECIPITATION 


DIVISION OF JOY MANUFACTURING COMPANY 
1000 WEST 9TH STREET LOS ANGELES 54, CALIFORNIA 


NEW YORK !7 * CHICAGO 2 « PITTSBURGH 22 * ATLANTA S* SAN FRANCISCO4 
IN CANADA, 6265 MOUNTAIN SIGHTS AVENUE. MONTREAL. P.O 
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